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^ (57) Abstract: Examples and emlx>diments of the present invention teach and disclose, inter €dia, that the previously known ex- 
^ tracellular matrix mctallproteinase inducer protein (EMMPRIN). also known as CD147. is a signal-transducing cellular receptor 
^ for cyclophilin (CyP). Accordingly, there is diseased methods for the treatment of HlV-infection, AIDS. AIDS-ielated disoideis., 
rheumatoid arthritis (RA). connective tissue disorders, cancer or any condition characterized by local or systemic CyP release, syn- 
thesis or binding using the CyP/EMMPRIN interaction as a novel therapeutic intervention taiget There is further disclosed phar- 
O maceutical compositions including, anti-EMMPRIN antibodies, and soluble EMMPRIN proteins and peptides that act by inhibiting 
the CyP/EMMPRIN interaction. The present invention furdier provides screening assays for the identification of compounds that 
^ inhibit the CyP/EMMPRIN interaction. 
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TREATMENT OF mV-l INFECTION AND INFLAMMATORY DISEASE USING 
CYCLOPHILIN RECEPTOR ANTAGONISTS 

5 TECHNICAL FIELD OF THE INVENTION 

The present invention provides a method for the treatment of HIV infection, acquired 
immune deficiency syndrome (AIDS), ifaeumatoid arthritis (RA), connective tissue disorders and 
canc^ utilizing antagonists of (he ligand/recqptor relationship between cyclophilin (CyP) and 
the human extraceUularniatrixmetaUoproteinase inducer pn)tein(EMMPRI^ The present 
10 invration further provides anti-EMMPRIN antibodies and soluble forms of EMMPRIN or 

EMMPRIN peptides that provide th^apeutic activity by modifying die CyP/EMMPRIN binding 
intmction. The present invention further provides screwing assays for the identification of 
compounds diat modify die CyP/EMMPRIN bindmg interaction. 

IS BACKGROUND OF THE INVENTION 

The present invention relates to c^Iopbilins, to their cognate interactiori with cellular 
receptors for cyclophilins, and to the treatment of cyclolphilin-related disord^. For example, 
cyclophilin A is, inter aliOy involved in the etiology of (1) the symptoms associated with 
acquired immune deficiency syndrome (AIDS) fix>m HIV infection, and (2) mflammatory 

20 disease ifaeumatoid arthritis). 

(1) Acquired Immune Defldenqr Syndrome (AIDS) 

The human immunodeficiency virus (HTV) is a member of the lentivirus family of 
retroviruses (Teich et al., RNA Ttamor Viruses, Wdss et aL, eds. CSH-Press, pp.949-956, 1984). 
HIV has been implicated as tiie primary cause of flie slowly d^enerative immune systCTi 

25 disease teratied acqmred inmiune defidncy syndrome (AIDS) (Barre-Sinoussi et al.. Science 
220:868-870, 1983; Gallo et aL, Science 224:500-503, 1984). In humans, HIV replication 
occurs promin^tly in CD4^ T fynq>hocyte and macrophage populations, and HIV infection 
leads to depletion of T cells and evmtually to immune inconq>etence, opportunistic infections, 
neurological dysfimctions, neoplastic growth, and ultimately death. 

30 The core of the HTV viral particle comprises capsid antigen (CA) proteins, together with 

the viral RNA genome and those enzymes required for early rq)licative events. Myristylated 
matrix antigen (MA) protein fills the space between the viral core and a lipid m^ibrane 
envelope derived fit>m the infected cell membrane. The HIV envelope surfece glycoprotdns are 
syntiiesized as a single 160 Kd precursor protem that is cleaved by a cellular protease during 

35 viral budding into two glycoproteins, gp41 and gpl20. Viral gp41 is a transmembrane 

glycoprotein and a>120 is an extracellular glycoprotein that remains non-covalentiy associated 
with gp41, possibly in a trimeric or multimeric form (Hammarskjold & Redosh, Biochem. 
Biophys. Acta 989:269-280, 1989). 
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HIV is targ^ed to CD4* host cells because CD4 acts as the cellular receptor for the HIV- 
I virus (Dalgjeish et aL, Nature ^llclGi-lGl, 1984; Klatzmann et al., Nature 312:767-768, 
1984; Maddon et al., Cdl 47:333-348, 1986). Viral entry into cells is dependent upon gpI20 
binding the cellular CD4 recq)tor molecules (McDougal et aL, Sdence 231:382-385, 1986; 
5 Maddon et al., Cdl 47:333-348, 1986), e?q>laining mVs tropism for CD4^ cells, while a>41 
anchors the envelope glycoprotein complex in the viral membrane. While tfiese virus:cell 
intmctions are necessary for infection, fiiere is evidrace diat additional virus:cell interactions 
are also required. 

HIV infection is pandemic and HIV-associated diseases represent a m^or world health 

10 problem. Unfortunately, no ultimately curative anti-retroviral drugs or vaccines against HIV 
infection and/or AIDS exist Attempts to develop such drugs and vaccines have targeted 
molecules corresponding to various stages of the HIV life cycle (eg., reverse transcriptase, late- 
stage viral proteases, and in the case of vaccines gpl60, gpl20 and 0)41). Attempts are also 
being made to develop drugs that can inhibit viral ratry into the cell, the earliest stage of HTV 

IS infection. Here, tiie focus offlier^euticmtervCTtion has been on CD4 and CCRS,rec^ 
cell-sur&ce recq>tors for HIV. Reconibinant soluble CD4, for example, has been shown to 
inhibit infection of CD4^ T cells by some HTV-l strains (Smith et aL, Science 238:1704-1707, 
1987). C^tain primary HIV-1 isolates, however, are relatively less sensitive to mhibition by 
recombinant CD4 (Daar et al.. Proa Natl Acad. Set USA 87:6574-6579, 1990). Moreover, 

20 recombinant soluble CD4 clinical trials have produced inconclusive results (Schooley et al., Ann. 
Int. Med. 1 12:247-253, 1990; Kahn et al., Ann. biL Med. 1 12:254-261, 1990; Yarchoan et al., 
Proc Vth Int. Conf. on AIDS, p. 564, MCP 137, 1989). 

Therefore, although a great deal of effort is being directed to the design and testing of 
anti-retroviral drugs and vaccines, there is a need in the art for effective, non-toxic treatments. 

25 iVbf^ Thmtpe$iiic Intervention Targets for AIDS; Cyclophilin A. Cyclophilin A 

0ieiemafter*Y:;yPA'^isal9KDprotdnfhati5e3q)ressedina^ CyPAbinds 
the immunosiq>pres5ive agent cyclosporin A QimiDafber XsA'^ (Bbkom et aL, Current 
Biology 3:929-933» 1993; Liu, Immunol Today. 14:290-295, 1993 [published enratum appears in 
Immunol Today 14(8):399, 1993]), and possesses ap^tidyl^rolyl cis-trans isomerase (PPIase) 

30 activity, and protein folding or ^diapm>ne'' activities (Galat, Eur. J. Biochem. 216:689-707, 
1993; Kofion et al.. Biochemistry. 30:6127-6134, 1991 [published erratum appears in 
Biochemistry 30(44):10818, 1991]). CyPA is a member of tiie "immunophilin family," tiiat is a 
group of related cellular fectors involved in regulating immunity (Galat, Eur. J. Biochem. 
216:689-707, 1993; Fruman et al., FASEB. J. 8:391-400, 1994). At least four types of 

35 mammalian cyclophilins have been cloned, CyPA, CyPB, CyPC and hCyP3 (Friedman et al., 
Proc Natl Acad. ScL USA, 90:6815-6819, 1993). 

CyPA is recognized to be one of tiie host cell receptors for C^A» apotent 
immunosiq)pressive drug that is widely used in prevention of graft rejection. CsA is a member 
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of a family of hydrophobic cyclic undecapeptides that exhibits potent immunosi^pressive, 
antiparasitic, fiingicidal and chronic anti-inflammatory prop^es. CsA is thought to exert its 
immunosuppressive effects by inhibiting die early stages in T cell activation. CsA has been 
found to block RNA ttanscdption of flie T cell gn>w(fa £u:tor interleukin 2 (JL-2\ and to inhibit 
5 expression of the TL-l receptor by precursor c^lytic T lymphocytes O^alacios, J. Immunol 
128:337, 1982). CyPA binds to CsA with a dissociation constant in the range of 10^ mol/L, a 
value consistent with levels needed to elidt immunosuppression (Handschumacfaer et aL, 
5aeRce 226:544, 1984). 

A functional association of CyPA with the Gag protein of HIV virions, and specifically 

10 with tiie capsid antigen portion thereof; has been identified (Luban et al., O//, 1993). CyPA is 
specifically incorporated into HIV-1 virions, and disruption of tiie Gag-cyclophilin int^action 
has been reported to prevent both incorporation of CyPA into virions, and HIV-1 replication 
(Franke et al.. Nature 372:359-362, 1995; Thali et aL, Nature 372:363-365, 1994). These data 
are consistent with a model wh^eby the interaction of Gag with CyPA is necessary for tiie 

15 formation of infectious HIV-1 virions (Braaten et aL, J.Virol 70:3551-3561, 1966). 

CsA has been shown to int^ere with Gag-cyclophilin inta:actions in vitro^ block 
cyclophilin incorporation into virions, and inhibit the replication of HIV-1 in cell culture QFranke 
et al., supra\ Thali et aL, stq>ra\ Billich et aL, /. Virol 69:2451-2461, 1995). CsA has not been 
shown to intatu:t directly with the HIV-1 virus. It is hypothesized that CsA, arid its analogs, 

20 interfere at two stages in ttieHTV life cycle. First, by int^acting with CyPA during 

establishment of infection whm CsA treatment inhibits HIV infection prior to integration into 
the genome of tiie infected cell a$ measiured by formation of circular HIV DNA and integration 
of proviral DNA into ttie host genome (Shracy et al., Proc Natl Acad. Set U.SjL 95:1758-1763, 
1998). Second, by interacting with CyPA at a late stage of virus replication by preventing CyPA 

25 incorporation into HIV-1 particles, tims rendering the virus non-infectious OSiUich et al., stqyrd). 
Thorefore^ research activity has focused on disnpting the intoaction beti^em the viral Gag 
protdn, and the cellular CyPA protein in attfflipts to develop an anti-HIV ^ent 

De^ite ttie foregoing observations, ttie usefidness of CsA as a treatment for HIV- 
infection in patients is severely limited. First, CsA is a potent immunosiq)pressive agent Thus, 

30 its use in HIV-infected patients, who will become immunocompromised, is contraindicated 

Moreover, the HTV-inhibitory effects of CsA and its analogs require drug concentrations that are 
10- to 100-fold higher than those necessary to effectuate immimosuppFession with CsA. 
Somewhat paradoxically, the ability of cyclosporin to generally suppress the systemic immune 
systCTi has been proposed as a treatmrat for HIV infection {see U.S. Patent No. 4,814,323). 

35 Howev^, this method of treatment has severe drawbacks, givra the severely immunosuppressed 
state of HIV-infected patiepts. 

Therefore, flaese is a need in ttie art to identify and characterize novel CyPA-related 
intervmtion targets and binding agmts, and to use them to id^tify novel compounds and 
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methods for treating and preventing HIV infection. There is a need in the art to identify and 
mechanistically und^stand the meaps by which CyPA specifically interacts with cells to 
mediate HIV infection, and how such mechanisms can be used tfaers^eutically, or to find novel 
ther^eutic agents, or to provide novel and useful diagnostic and prognostic assays. 
5 (2) Rheamatoid Arthritis 

Rheumatoid ar&ritis Oi^reinaitCT '"RA") is a chronic inflammatory disease of the joints. 
RA is associated witti considerable morbidity, functional disability and increased mortality 
(Harris, N. EngL Med. 322:1277-1289, 1990 [published matum zppezrs in K Engl J. Med. 
323:996, 1990; see comments]; Brooks, Lancet 341:286-290, 1993). ThCTe are an estimated 2-4 

10 million cases of RA in the U.S., with the peak incidence between ages 35 and 45 (Brooks, 
suprd). The etiology of RA is unknowTL 

A persistent inflammatory synovitis, thought to be initiated by T cell-dependrat 
mechanisms, is one of &e hallmarks of RA, and usually affects the p^pheral joints as a 
symmetric polyarthritis (Brooks, supra). This inflammatory synovitis is believed to be 

15 exacerbated by (a) infiltrating neutrophils that release oxygen radicals and proteolytic enzymes, 
and (b) resident fibroblast-like synovial cells which release proenzyme forms of matrix 
metalloprotdnases yttaxAi are thraiselves activated by neutrophil proteases and subsequently 
cause cartilage degradatioiL Accordingly, synovial inflammation leads to cartilage destruction 
and bone ^sion witfi subsequent joint deformities (Zvaifl^ & Firestein, Arthritis Rheum. 

20 37:783-789, 1994; Sewell & Tiratham, Lancet 341:283-286, 1993). 

T Cell Involvement. Strong evid^ce for the role of T cells in flie initiation and 
p^petuation of RA is accumulating, although oth^ cell types {e.g.y d^idritic cells, fibroblast- 
like ^ovioq^, and primary B cells) contribute to the charact^istic progressive joint 
destruction (Thomas et al«, Leukoc Biol. 66:286-292, 1999; McCachrai, Arthritis Rheum. 

25 34:1085-1093, 1991; Zvaifler & Firestein, stq^m). Consid«:abIe evidence inq>licates 

neutrophils, and neutrophil products in joint destruction CBdwards & Hallett, Immunol. Today 
18:320-324, 1997; Harris, supra; Kaldmoto et al., Cell Immunol. 165:26-32, 1995; Janusz & 
Dmfaam, Inflamm. Res. 46:503-508, 1997; Griffiths et al., Proc Natl Acad. ScL U.SA. 92:517- 
521, 1995). 

30 Thus, rheumatoid arthritis is a conq)lex, progressive disease, involving multiple cell 

\ypt&. Tha^)eutic intervration strategies in RA patients have been primarily directed at 
blocking the onset and propagation of the disease, and secondarily at blocking local joint 
inflammation that mediates joint damage and injury (Harris, N. Engl J. Med 322:1277-1289, 
1990 [published oiatum q>pears in N. Engl J. Med. 323:996, 1990; see commoits]; Brooks, 

35 Lancet 341:286-290, 1993). 

The stimulus for synovial hyp^lasia in RA has been classically.described as an 
unmune-mediated inflammatory process (Zvaifler & Firestein, Arthritis Rheum. 37:783-7899, 
1994). Such inflammation is believed to be ttie response to &ctors made by activated CD4^ T . 
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cells, the predominant cell in the subintimal infiltrates of the RA synovium (Zvaifler & Firestein, 
Arthritis Rheum. 37:783-7899, 1994;McCachien,i4rt/iritoiJA«/m. 34:1085-1093, 1991). 
Moreover, the observation that specific class 11 MHC polymorphisms confer a risk for RA 
strongly suggests that T cells play a pivotal lole in the development of RA (Gregorsen et al., Anu 
5 J. Med. 85:17-19, 1988; Wmchester et al., Rkewn, Dis. Oin. North Am. 18:761-783, 1992). 

The revelation that T cells play an integral part in the pathogenesis of RA led to the use 
of cyclosporin A Qiaeinafter *X1sPl) as a thenqpeutic agCTt in patioits with RA (Yocum, Semin. 
Arthritis Rheum. 29:27-35, 1999; Brooks, lowceT 341:286-290, 1993;deWynteretaL, 
Stem.Cells 16:349-356, 1998). CsA is a potent immunosuppressive agent presumed to act via 

10 binding to intracellular stores of cyclophilin (Brlanger, Immunol Today. 13:487-490, 1992; Liu, 
Immunol Today 14:290-295, 1993 [published eanratum appears in Immunol Today 14(8):399, 
1993]; Flanagan et al. Nature. 352:803-807, 1991 [see comments]). 

Non T CeU Factors in RA; Neutrophils and Matrix MetaUoprotanases (MMPs). Two 
arguments favor the crucial involvemmt of other fectors, in addition to T cells, in RA-assodated 

IS pathology. Fu:stly,TceU products have not been demoiistrated in RA synovial fluids or 
(Edwards & Hallett, Immunol Today 18:320-324, 1997). Secondly, curr^t strategies based 
iq)on modifying T cell-mediated immune responses have not been e£5cacious, and can be 
accon^anied by serious toxicity. Moreover, tiheie is no evidence fliat sudi T cell-based 
strategies can limit the progression of bone and cartilage destruction, especially once the disease 

20 has become established (/.e., aft^ about the first year) (Zvaifl^ & Firestein, Arthritis Rheum. 
37:783-789, 1994; Yocum, Semin, Arthritis Rheum. 29:27-35, 1999). 

Neutrophils. RA is diaracterized by the accumulation of a large number of neutrophils 
in the synovial fluid Chemo attractants, such as C5a, leukotriene B4, platelet activating &ctor 
(PAF), and IL-8 (Harris, N. Engl J. Med 322:1277-1289, 1990 [published erratum appears in N. 

25 Engl J. Med. 323:996, 1990; see comments]; Edwards & Hallett, Immunol Today 18:320-324, 
1997; Premack & Sdiall, Nature Med 2: 1 174-1 178, 1996), are believed to play a role in 
eliciting the diaracteristic neutrophil influx. Nratrophils are activated within the joint fluid, 
most likely by &e phagocytosis of cellular debris and immune con^lexes, resulting in 
degranuladon and release of protdnases and reactive oxidants (Harris, N. Engl J. Med 

30 322:1277-1289, 1990 [published oratum appears in N Engl J. Med. 323:996, 1990; see 
comments]). Additionally, activated neutrophils secrete many of the cytokines that are 
detectable in RA synovial fluid: IHp, IL-8, IL-12, TNF-a, TGF-, and GRO-a (Edwards & 
Hallett, Immunol Today 18:320-324, 1997). Neutrophils also play a cmtral role in tissue 
destruction, most likely because they release enzymes (e.g.^ elastase), into the joint wh^ they 

35 are destractive (Sewell & Trsofliam, Lanc^ 341 :283-286, 1993; Edwards & Hallett, Immunol 
Today 18:320-324, 1997). Accordingly, bloddng neutrophil elastase with specific inhibitors 
(eg., MDL 101, 146 and ONO-5046) results in decreases in cartilage destruction m animal 



5 
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models of arthritis (Janusz & Durham, Inflamm.Res. 46:503-508, 1997; Kakimoto et al.. Cell 
Immunol 165:26-32, 1995). 

Matrix Metalloproteinases (MMPs). Matrix metaU(q>roteinases (heareinafter ''MMPs") 
comprise a group of structurally related zinc metalloendopqptidases capable of degrading 
5 ^ctracellular matrix conq)oneiits (Nagase et al.. Matrix SuppL 1 :237-244, 1992; Giambemardi et 
al.. Matrix Biol. 16:483-496, 1998). MMPs play an important b^eficial lole in normal tissue 
remodeling processes, ^min MMP activities are precisely controlled in various cell types. 
MMP activity is not only controlled at the level of cellular gme expression, but also at the 
protein level, either by precursor activation (proMMP to MMP) or inhibition of activated species 

10 by endogenous inhibitors, e.g,, by <X2-macroglobulin and tissue inhibitors of metalloproteinases 
(TIMPs) (Nagase et al,. Matrix Suppl 1 :237-244, 1992; Ogata ^ aL, /. BioL Chem 270:18506- 
18511, 1995; Zucker et al., 7. Chem, 273:1216-1222, 1998). 

However, the dmgulated action of MMPs contributes to the pathological destniction of 
the extracellular matrix in many connective tissue diseases such as arthritis, periodontitis, tissue 

15 ulcoation, and in cancer cell invasion and metastasis (Kahariet aL, E3q>. Dermatol 6:199-213, 
1997; Keyszer et al., Rheumatol 26:251-258, 1999; B^bow ^ al., J. Biol Chem. 274:25371- 
25378, 1999; Keyszer et aL, Z Rh&matology 57:392-398, 1998). 

New Therapeutic Intervention Targets for RA: Cyclophilins. The exact cause of 
pathologic processes in RA remains controversial. Traditionally, treatmrat of RA has involved a 

20 multidisciplinaiy approach with combinations of non-steroidal anti-inflammatory drugs 

(NSAIDs) and slow-acting anti-riieumatic dmgs (SAARDs). Such combination th«:£^ies are 
often effective, but result in significant side effects. For exaD:q)le, NSAIDs provide significant 
symptomatic relief of joint inflammation, but can accumulate in kidney and gut leading to 
adverse reactions, including gastrointestinal distress, renal damage, and skin reactions (Y ocum, 

25 SmibL Arthritis Rheum, 29:27-35, 1999; Brooks, Lancet 341:286-290, 1993). 

Therefore, tiiere is a need in the art to idoitify new therq>eutic targets that would allow 
for the design of new treatmat strategies for RA. Three broad pathological-process areas for 
ther^eutic intervention in RA are: aberrant T cell activation responses; abnormal proliferation 
of^ and excessive cytokine and MMP production by synovial cells; and leukocyte migration fix>m 

30 the peripheral blood to extravascular sites. 

Cyclophilin A. One specific therapeutic target, relevant to all three of the above- 
mentioned process areas, is cyclophilin A (ha?einafter **CyPA") the ubiquitously-distributed host 
cell receptor for CsA. CyPA is not entirely an intracellular protein, but is also secreted by cells 
m response to inflammatory stimuli (Sherry ^ al., Proc Natl Acad Sa. USA 89:351 1-3515, 

35 1992). Extracellular C^A is a potent naitrophil and eosinophil chemoattractant in vitro^ and 
elicits an inflammatory reqionse characterized by a rsf>id influx of neutrophils whm inj ected in 
vivo (Sheny et aL, Proc Natl Acad. Sd USA 89:35 11-3515, 1992; Xu et al., J. Biol Chem, 
267:1 1968-1 1971, 1992; Ldva & Lyttte, Biochem. Biophys. Res, Commun. 186:1 178-1 1836, 
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1992). The leukocyte attractant activity of CyPA is blocked in the presence of CsA, but not by 
cyclosporin G, a non-immunosxq)pressive analogue of CsA (Sherry et al.. Proa Natl. Acad. 
ScLUSA 89:3511-3515, 1992; Xu et al.,y. BioL Chem. 267:11968^11971, 1992). 

The synovial fluid in the joints of RA patients contains high levels of CyPA, and that 
5 such CyPA levels correlate both with fiie number of neutrophils in the synovial fluid and with 
disease severity ^illich et al., /. Ejq>. Med 185:975-980, 1997). It is logical to presume that tibie 
CyPA released into the synovial fluid is attracting naitrophils, i^ch become activated iqx>n 
arrival and, in turn, release proteolytic enzymes and oxidants that promote cartilage destraction 
and exac^ate disease. Thus, fiieefifectivenessofCsA in alleviating RA may be manifested in 
10 two ways. Firstly, it may act via its ability to int^i^ with T cell activation and flierefoie the 
initiation of the disease process. Secondly, CsA may act by binding to the CyPA released in the 
joints during periods of active disease, and thereby blocking CyPA's neutrophil chemo-attractant 
activity. 

However, CsA treatment is inherently toxic, resulting in liver destruction, immune 
15 suppression and susceptibility to opportunistic infections. These toxic effects are the result of 
flie &ct that CsA is membrane permeable and readily enters into all cells. 

Tha*efore, thane is a need in the art to gain additional understanding of the basic 
pathophysiology of RA etiology and progression, of HIV infection, and of exaceri>ating 
mechanisms for these processes. Accordingly, tfam is a need in the art to identify and 
20 characterize novel cyclophilin-related intervention targets, and to use such targets to identify 
novel compounds and m^faods for treating inflammatory disease and prevoiting HIV infectioiL 
There is aneed in tfie art to idmtify and medianistically understand the means by which 
cyclophilins specifically interact with cells to mediate signal transduction and HIV infection. 
Finally, ttiere is a need in the art to understand how such mechanisms, once identified, can be 
25 used thera^utically, or to find novel therapeutic agents, or to provide novel and usefiil 
diagnostic and prognostic assays fliese these conditions. 

SUMMARY OF THE INVENTION 

The present invention is based upon the surprising discovery that the previously known 
30 extracellular matrix metalloproteinase induca: protein (**EMMPRIN'') [SEQ ID NO:2], also 
known as CD 147, is a novel cell-sur&ce recq)tor for cyclophilins (**CyP*0- Accordingly, the 
examples and raibodiments of tiie present invention provide for methods of treatment^ 
pharmaceutical compositions^ and for screening assays for test compounds having therapeutic 
activity for indications such as HTV-l infection, acquired immune deficiency syndrome 
35 (**AIDS*0, inflammatory and autoimmune disease rheumatoid arthritis ("RA'*), EAE, 
ARDS and paidondtis), connective tissue disorders, tumor growth or metastasis or any 
condition characterized by local or systemic CyP release, synthesis or binding in a patient 
needing treatment. 
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Methods of Treatment. The preset inv^tion provides a method for treating or 
prev^ting inflammatoiy disease, autoimmune disease, tissue ulceration, tumor growth or 
metastasis or any condition characterized by local or systemic CyP release, synthesis or binding 
in a patient needing treatmrat, conqprising administering to die patient a therapeutically effective 
5 amount ofaCyP/EMMPRIN antagonist or agonist Preferably, flie CyP/EMMPRIN antagonist 
or agonist is an anti-EMMPRIN antibody, a soluble EMMPRIN protein or polypeptide, a CyP 
protein or polypq>tide and combinations thereof. Prefmbly, the inflammatory or autoimmune 
disease is arthritis, BAB, ARDS or peridontitis. Piefmbly tiie CyPTEMMPRIN antagonist or 
agonist is an anti-EMMPRIN antibody. Preferably, the anti-EMMPRIN antibody binds to the 

10 cTCtraceUular domain or the transmembrane doiiiain of EMMPRIN. Pref<^:ably, the anti- 
EMMPRIN antibody is a monoclonal antibody. Prefeiably, the anti-EMMPRIN monoclonal 
antibody is a single^dbiain antibody, chimeric antibody, humanized antibody, or Fab fragment 
Most preferably, ttie anti-EMMPRIN antibody binds to an epitope that is recognized by the UM- 
8D6 anti-CD 147 monoclonal antibody. Preferably, the CyP/EMMPRIN antagonist or agonist is 

15 an EMMPRK polypqptide comprising an amino acid sequence of about S to 14 amino acids 

taken fiom a seqimce extmding j&om about leddue 206 to about residue 229 of [SEQ ID NO:2] 
corresponding to die EMMPRIN transmmbrane domain. 

The present invmtion further provides a meOiod for treating or preventing inflammatory 
disease, autoimmune disease, tissue ulceration, tumor growth or metastasis or any condition 

20 characterized by local or systemic CyP release, synthesis or binding in a patient needing 
treatment, conq>rising administering to the patirat a tfaers^eutically efifective amount of a 
coinpound of formula I whstdn formula I is 

I Ri-R2-R3-R4-R5-R^-Pro-R7-Rg-R9 

25 

wherein: R,- is His-, Soifis-, ArgSorHis-, Lys-, LysLysr-, Arg- or nothing; R2, R3 and R^ are 

indq)aid«tly Leu, ne^ Ala, M^ or nothing; R5 and Rg are indq>CTdffltly Lra, He, Alaor Met; 

Rtf and R7 are independentiiy Hie, Trp or Tyr, and -R^ is -<jly, -Glylle, -QylleVal or nothmg. 

Preferably, for formula I: R,- is His-, Soilis-, AigSeiHis-, Lys-, LysLys-, Arg- or nothing; R^ is 
30 Leu; R3 is Ala; R4 is Ala; R5 is L^ R« is Tip; R7 is Phe; R^ is Leu; and -R^ is nothing. 

Preferably, for formula I: R,- is nothmg; Rj is Leu; R3 is Al^^ R4 is Al^ R5 is Leu; R^ is Trp; R7 

is Phe; R^ is Leu; and -R9 is nothing. 

The present invoition fiirth^ provides a method for decreasing the suscq)tibility of a cell 

to retroviral infection, whordn the cell expresses a functional EMMPRIN recq)tor, and wherein 
35 a retrovirus uses the EMMPRIN receptor in a pre-integration stq> of viral infection, comprising 

contacting the cell widi an amount of a CyP/EMMPRtN antagonist or agonist sufiBcient to 

inhibit the pre-integration stqp of retroviral infection. Preferably, the CyP/EMMPRIN 

antagonist or agonist is an anti-EMMPRIN antibody, a soluble EMMPRIN protein or peptide, a 
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CyP derivative or pqptide, and combinations tha:eo£ Preferably the CyP/EMMPRIN antagonist 
or agonist is an anti-EMMPRIN an^l>ody. Pref0:ably, Ae anti-EMMPRIN antibody binds to the 
extraceUular domain or the transni^branedoniain of EMMPRIN. Prefi^ly, the anti* 
EMMPRIN antibody is a monoclonal antibody. Pref(^ly» the anti-EMMPRIN monoclonal 
5 antibody is a single-chain antibody, chimmc antibody, humanized antibody, or Fab fragment 
Most prefi^ly, the anti-EMMPRIN antibody binds to an ^itope tfiat is recognized by tibe UM- 
8D6 anti-CD147 monoclonal antibody. Prefia:ably, flie CyP/EMMPRIN anta^nist or agonist is 
an EMMPRN polypeptide conqirising an amino acid sequence of about S to 14 amino adds 
taken fiom a sequence extending fixmi about residue 206 to about residue 229 of [SEQ ID N0:2] 
.10 corresponding to tiie EMMPRIN transmembrane domain. 

The presoit invention further provides a mdhod for decreasing the suscq>tibility of a cell 
to retroviral infection, wherein the cell expresses a functional EMMPRIN recq)tor, and wherein 
a retrovirus uses the EMMPRIN recq)tor in a pre-integration step of viral infection, con:q)rising 
contacting the cell with an amount of a compound of formula I sufficient to inhibit the pre* 
IS integration stq> of retroviral infection, wherdn fonnula I is 

I R.|-R2-R3-R4-R5-R^Pro-R.7»Rg-R9 

wherdn: R|- is Bx^^ SerHis-, AigSerHis-, Lys-, LysLys-, Aig- or nothing; R2, R^ and R4 are 
20 indepradently Leu, Ile» Ala, Met or nothing R5 and R, are indq>raidratly L&x, lie, Ala or Met; 

R^ and R7 are independ^itly Phe, Tip or Tyn and -R9 is -Gly, -GlyDe, -GlylleVal or nothing. 

Preferably, for formula I: R,- is His-, S^ifis-, ArgSarHis-, Lys-, LysLys-, Arg- or nodiing; II, is 

Leu; R3 is Ala; R4 is Ala; R5 is Lew; R^ is Tip; R7 is Phe; Rg is Leu; and -I^ is nothing. 

Preferably, for formula I: R,- is nothing R^ is Leu; R^ is Ala; R4 is Ala; R^ is Leu; R5 is Trp; R7 
25 is Phe; R« is Leu; and -R9 is nothing. 

The present invotion further provides a m^iod for treating or preventing HIV infection, 

AIDS or AIDS-relatfid disorders in a i^ent m need tfaomC compri 

padent a ttiaa{)aitically ^ective amount of a CyP/EMMPRIN antagonist or agonist 

Prefetably, flie QyP/EMMPRIN antagonist or agonist is an anti-EMMPRIN antibody, a soluble 
30 EMMPRIN protein or pepti de^, a CyP derivative or peptide, and combinations tfaaeo£ 

Preferably the CyP/EMMPRIN antagonist or agonist is an anti-EMMPRIN antibody. 

Preferably, the anti-EMMPRIN antibody binds to the extracellular domain or the transmembrane 

domain of EMMPRIN. Preferably, the anti-^lMPRIN antibody is a monoclonal antibody. 

Preferably, the anti-EMMPRIN monoclonal antibody is a single-diain antibody, chimeric 
35 antibody, humanized antibody, or Fab fiagment Most prefi^ly, the anti-EMMPRIN antibody 

binds to an qiitope tiiat is recognized by die IJM-8D6 anti-CDI47 monoclonal antibody. 
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The present invention further provictes a method for treating or preventing HIV infection, 
AIDS or AIDS-related disorders in a patioit in need thereof comprising administmng to the 
patimt a therapeutically effective amount of a compound of formula I, wherein fonaoLula I is 

I Rj-R2-R3-R4-R5-R^-Pro-R7-Rg-R9 

wfaeran: R|- is His-, SerHis-, AigSerHis-, Lys-» Ly^ys-, Aig- or nodun^ R^, R} and are 
indqpmiexs&y Leu, He, Ala, Met or nothing R5 and Rg are independently Leu, De, Ala or Met; 
R^ and R7 are indq>mdCTtly Phe, Tip or Tyr, and -R9 is -Gly, -Glylle, -GlylleVal or nothing. 
Prel^:ably, for formula I: R|- is His-, SorHis-, AigSerHis-, Lys-, LysLys-, Arg- or notinng; R^ is 
Leu; Rj is Ala; R4 is Ala; R5 is Leu; R^ is Tip; R7 is Phe; R^ is Leu; and -R9 is nothing. 
Preferably, for formula I: R|- is nothing; is Leu; R3 is Ala; R4 is Ala; R5 is Leu; R« is Tip; R7 
. is Phe; Rg is Leu; and -R^ is nothing. 

Screening assays. The present invention fordid provides a method for idratifying test 
compounds having &eiapeutic activity for HIV infection, AIDS or AIDS-ielated disorders, 
inflammatoiy disease, «"'^»iTrF"T""ft disease, tumor growth or metastasis or any condition 
diaract^izedby local or systemic QyP release, synthesis or binding in apatient needing 
treatment, comprisii^ (a) contacting a test compound with a functional CyP protein and a 
fonctional EMMPRIN protdn whoein at least one of the proteins bears a detectable label; (b) 
assaying any resulting EMMPRIN/CyP complex for the pres»ce of the label; and (c) 
detennining whdher the test compound inhibited binding of the CyP protdn to flie EMMPRIN 
protein, whereby test conq)ounds that inhibit binding of the CyP protein to ttie EMMPRIN 
protein are identified as tiia:q>€utic con:q)ouiuis. Preferably, eittier the functional EMMPRIN 
protein or the functional CyP protein is immobilized onto a solid phase. Prefdably, flie CyP 
protein or the EMMPRIN protein is labeled with a radiolabel, a fluorescent reporter or quencher 
moiety, an enzymic label ttat catalyzes a colorom^c or fluorametrtc cfaaqge or combinations 

thereof Preferahlyj flie inflfltTtmfllnTy nr jMitftimmime disegRe la mrthritiR^ RAR^ AimR nr 

peridontitis. 

The present invention further inx>vides a m^iod 6x idratifying test compounds having 
flien9)eutic activity fat HIV infection, AIDS or AIDS-rolated disorders, inflammatory disease, 
autoimmune disease, tumor growth or metastasis or any condition characterized by local or 
syst^c CyP release, synthesis or binding in a patioit needing treatment, comprising: (a) 
contacting a test compound, in the pres^ce of a functional CyP protein, with a cell expressing a 
functional EMMPRIN protein; and (b) detetmining whether the test compound inhibits binding 
of the CyP protdn to the EMMPRIN protein, wherdjy test compounds that inhibit binding of the 
C^P protein to the EMMPRIN protein are idmtified as th^apeutic compounds. Preferably, the 
inflammatory or autoimmune disease is arthritis, EAE, ARDS or peridontitis. Preferably, the 
cell expresses recombinant EMMPRIN, CD4, CXCR4 or combinations th«:eof. Preferably, 
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determination of the inhibition of binding of the CyP protein to the EMMPRIN protein is based 
on an assay selected from the group consisting of CyP/EMMPRIN antagonist assays, receptor 
sensitization or desensitization assays, recq)tor up- or down-regulation assays, EMMPRIN- 
mediated signal transduction assays, Ca^ mobilization assays, matrix metalloproteinase 

5 expression or activity assays, cell growlfa rate assays, HIV-1 infection assajrs, and assays based 
on d^ection of a specific maik^ of cell cycle or cell diff«:»tiation. Prefarably, the EMMPRIN- 
mediated signal trEmsduction assays are based on d^emiining the phosphoiylatirai or activation 
status of an intracellular protein, wfao^dn tiie intracellular protein is sdected from Ihe group 
consisting of Ras, PEIA, RAPl, B-Rai^ Mek, and MAPK, whereby test compounds that alter the 

10 phosphorylation or activation status of said intracellular proteins, relative to their 

phosphorylation or activation status in control cells, are idratified as therapeutic compounds. 
Preferably, the specific marker of cell cycle or cell difif^^tiation is selected from the group 
consisting of cell-cycle regulatory proteins cyclin Dl, cyclin E and p21/Wafl, whereby test 
compounds that alter said cell-cycle mark^ relative to their status in control cells, are 

15 identified as cancer therapeutic compounds. Preferably, the matrix metalloproteinase expression 
assays measure tfie expression or activity of proMMP-1, proMMP-3, proMMP-9, MMP-1, 
MMP-3 or MMP-9. Prefoably, the HIV-1 infection assays measure viral revise transoiptase 
activity virus-directed ludfease ^ression. 

Phamaceuiieat compositions. The preset invention finlfaer provides a pharmaceutical 

20 composition comprising a ccmipound of formula I or a phannaceutically-accq>table salt ftkmof^ 
and a pharmaceutically-accq)table carder, wherein fimnula I is 

I Rj-R2'"R3-R4"R5*R^*Pro-R7-Rg-R9 

25 wherein: R,- is His-, SerHis-, ArgSeiHis-, Lys-, LysLys-, Arg* or nothing; Rj, R) and R4 are 
independently Leu, lie, Ala, M^or notiiing; R5 andR^ are indqiendently Leu, He, Ala or Met; 
Rc and R7 are indepCTdently Hie, Tip or Tyr; and -R9 is -Gly, -Glylle, -Glylle Val or nothing. 
Preferably, for fbmmlaL R,- is His-, SedBs-» AigSerlfis*, Lys-» LysLys-, Axg- or nothiiig; R^ is 
Leu; R3 is Ala; R4 is Ala; R5 is Lei^ Rc is 1^; R7 is Phe; R« is Leu; and -R9 k 

30 Pref^ably, for formula L R| - is nothing; R^ is Lai; R3 is Ala; R4 is Ala; R5 is Leu; R« is Trp; R7 
is Phe; R« is Leu; and -R9 is notiiing. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 (left-hand panel) shows a sdi^natic rq>resentation of tiie hiunan EMMPRIN 
35 protem ©acoded by flie cDNA clone isolated according to tiie present invention [SEQ ID NO: 1]. 
The 269-amino add EMMPRIN protein is divided into several fimctional domains, including 
signal peptide (9), extracellular domain (ecd), transmembrane domain (tm), and intracellular 
domain (icd). Both EMM.C1 and EMM.C2 constructs used for binding studies lacked the signal 

11 
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peptide, and one (J^lMCl) had only ttie extracellular domanL The rigjit ri^t-hand panel of 
Figure 1 shows that [^S]-labeled EMMPRIN was ^>ecifically retained by CyPA-sq>harose 
aflfinity resin. The afiSnity-bound EMMPRIN was eluted and analyzed by electrophoresis and 
autoradiogr^hy. No EMMPRIN was retained by die control resin lacking CyPA. 
5 Figure 2 ^ws aFACS analysis of EMMPRIN expression in CHO cells stably 

transfected wifli empty vector (CHOX or in an EMMPRIN-expressing CHO cell line (CHO- 
EMM) EMMPRIN ej^resdon was analyzed by FACSusi^ganti•<^ 
commercially-available anti-EMMPRIN antibo^ (Researdi Diagnostics, Inc.; Flanders, NJ). 
CHO cells can be stably transfected to express hig|i levels of EMMPRIN. 

10 Figure 3 shows that Ca^ mobilization in CHO (no EMMPRIN eqiression) or CHO- 

EMM cells (stable constitutive EMMPRIN expression) was induced by exogenously-added 
CyPA (10 \igfmL) (left-hand panel). CyPA-induced signaling in CHO-EMM cells was blocked 
by anti-CD147 mAb (M6FT) antibody (ie., anti-EMPRIN mAB), but not by isotype control 
antibody (right-hand panel). 

15 Figure 4 shows ttiat goiistein (a tyrosine kinase inhibitor) completely abrogated CyPA- 

induced, EMMPRIN-mediatedCa^ mobilization in CHO-E^ CyPA-induced Ca^ 
mobilization was measured in CHO-EMM cells pretreated with various inhibitors of various 
Idxiaseslcnown to be involved in the transduction of iiitraceUular si The curves show, fiom 
upper to low«r, i»etreatment with no ixihibitor, pertusris toxin (PTX) B-oligomer (induces cross- 

20 des^isitization of chemokine recq>tors), PTX Qnactivates signaling pathways mediated by 
membos of the Gi-Go and Gt-protein &mily), PD98Q59 (a MAPK inhibitor), 
bismdolyhnalehnide I (a PKC inhibitor ) and gCTistein. Goiistein conq>letely abrogated CyP A- 
induced Ca^ mobilization in CHO-EMM cells. 

Figure 5 shows a Weston immunoblot analysis of the effect of CyPA treatment on 

25 inatrix metaUoproteiiiase(MMP)e}qiression in WI-38 human primary lung fib Human 
WI-3 8 fibroblasts woe treated with C^A or media alone, and supCTiatant fluids were 
subsequently collected, filtered, and analyzed by westmi immunoblots for MMP- 1 , MMP-3 and 
MMP-9 reactivity um^s mouse monoclonal antibodies (CalBiocfa^ CyPA- 
treatment activated eqires^on and release of pn>MMP4, and enhanced that of proMMP-3. 

30 Figure 6 ^ows analyses of hidfenise (lefi;-hand and middle panels) and HIV-1 reverse 

transcriptase activity (right-hand panel) demonstrating that cell-surface EMMPRIN expression 
enhances MuLV- and HlV-l^^-pseudolyped HIV-1 (Luc-HIV-1) infection of CHO-EMMPRIN 
(CHO-EMM) cells relative to CHO (control) cells, that the enhancing effect is greatly reduced 
by anti-CD147 mAb (UM-8D6), and that the enhancing effect is manifested at a stage preceding 

35 integration of the proviral DNA. 

The left-hand panel shows ludferase expression (measured on day 4 post-infection, and 
expressed as a pox^^tage relative to control) in CHO (control) or CHO-EMM (constitufively 
expressing EMMPRIN) cells fliat were infected with ludferaSe-expressing MuLV-pseudotyped 

12 
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HTV-l . The presence of cell-surfece EMMPRIN increased luciferase expression 5- to 6-fold. 
MoreovCT, tbis increase was greatly-reduced when anti-CD147 mAb (UM*8D6) was added 
during infection. 

The middle panel shows luciferase expression in triplicate cultures of CHO or CHO 
5 EMM cells that were transimtly transfected with CD4- and CXC^-^ressing vectors and then 
infected with Luc-HIV-1, which is pseudotyped with Eiiv derived fix>m that dq>ends 

on CD4 and CXCR4 for entry. Ludfinase ejqpression is presmted as percentage of e3q>ression 
relative to control (CHO/CI>4/CXCR4 cells; takm as 100%)« A 3- to 4-fold inoease in 
luciferase expression was observed in cells expressing EMMPRIN. 

10 The rigfht-hand panel shows revexse transcriptase activity in CHO and CHO-BMM cells 

that were transi^tly transfected with CD4- and CXCR4-expressing vectors, and then infected 
with either Riv^"^^- or aiv^-pseudotyped luc-HIV-1 in the presence of anti-CD147 mAb (UM- 
8D6) or isotype-matched irrelevant antibody. Viral DNA was analyzed by PGR 2 hr after 
infection using primas LTR R/U5 specific for the early reverse transcription products. Results 

15 were quantified on a Direct Imag^ (Packard) and are presrated as radioactivity associated with 
LTR/^a^-specific signal relative to control (isotype-treated CHO/CD4/CXCR4 cells; takm as 
100%). The aniountofLTRR/US reverse transcription product foUowing infection with 
^v^^ and &iv^^-pseudotyped viruses was inoreased 3- to 4-fold in CHO-EMM/CD4/CXCR4 
cells compared to CHO/CD4/CXCR4 cells. Moreover, anti-CD147 mAb diminished tiie 

20* cnhancmgefifect of EMMPRIN. 

Figure 7A shows that anti-CD147 mAb inhibited HIV-1 replication in human primary 
PBMC. Tr^)Ucatecdtures of PHA-activatedPBMC were infected with dttiertiieT- 
lymphotiopic X4 strain HIV-1^^ or the macrophage-tropic R5 HIV-1^^ (left-hand panel), or 
with ludferase-expressing recombinant HIV-1 pseudotyped with envelopes derived fiT>m LAV 

25 or ADA strains (rig)it-hand panel). Anti-CD147 ntAb (UM-8D6) or isotype-matched control 
mAb were added 3 0 min. prior to infection and w^e present tfarougfhout the duration of tiie 
e3q>erim«t Virus rq>lication was assessed by RT activity in culture supematants on day 21 
(left-hand panel), or by ludfeiase activity on day 4 after infection (right-hand panel). Results are 
presented as RT or ludferase activity relative to control (cells treated witii isotype-matehed 

30 irrelevant mAb; tak^ as 100%). The results show fliat EMMPRIN was involved in HIV-1 
infection. 

Figure 7B shows that anti-CD147 mAb did not block HIV attachment to human PBMC. 
Triplicate PBMC cultures were pre-treated at 3TC with anti-CDl47 mAb (UM-8D6; at 50 
fig/inl), anti-CD4 mAb (5 figtol), or hqjarinase m (3x10"^ lUAni), and thra washed and 
35 incubated wifli HIV-1^^ (10 ng/ml of p24) at 4°C for 1 hr. The amount of cell-bound viral p24 
was assayed by EUS A. Tbe results shown are for one representative experiment out of three 
performed with PBMC 6om difierrat donors. Anti-CD147 mAb (UM-8D6) did not block HIV- 
1^^ attacfamCTit to human PBMC, whereas anti-CD4 mAb significantiy reduced attachment. 

13 
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Figure 7C shows that anti-CDH? mAb ndtha: blocked HIV Env-mediated fusion 
between PBMC and HeLa cells ejq)ressing HIV-1 ADA and LAV wivelopes, nor reduced 
cellular intCTialization of viral p24. panel. Fusion betwera PBMC and HeLa cells 
expressing HIV-1 &iv (X4 LAV or R5 Ba-L) was assessed in the presence of anti-CD 147 (UM- 
5 8D6; at SO yig/wl) or anti-CD4 (5 ^g/ml) mAb by p-Gal expression (see "M.eAiods** Example 6). 
Results are expressed as p-Gal activity relative to positive control (untreated cells; taken as 
100%), and arepresOTted as mean ± SD of diree indq)CTdent measurements with cells fiom ttie 
samedonor. Ri^pand. For analysis of virus-cdlfiision, PBMC were iiiciibatedwitti HIV- 
l'^^ (see 'MeHbodsT Example 6). Cells wete ttien treated with trypsin (0.025% for 30 min. at 
10 3T'Q,lysed, and viral p24 was measured in the lysates by ELISA- These data show that the 
inhibitory effect of anti-CD147 mAb (UM-8D6) on HIV-1 infection was mediated by a post- 
fusion mechanism. 

Figure 7D diows that anti-CD147 mAb reduced flie amount of HTV-l revise 
transcription. Upper-lefi and nght-^hand panels. PHA-activated human PBMC w^ treated 

15 witiii either anti-CD147 mAb (UM-8D6; at 50 ftg/ml), or anti-CD4 mAb (2 fig/ml), or wifli 
cone^nding isotype-matdied control mAb (50 p^tnl) 2 far before infixtion with HIV-1. 
Analysis of HTV-l reverse transcription was performed 2 hr after infection of the PBMCs witti 
HIV-1^\ using LTR RAJS primers specific fiir tiie ''strong-stop" early reverse transcription 
products. The PCRresdtsweie quantified on a Direct hnager (Packard) and are presented 

20 percaitage of counts in treated, relative to antibody-untreated control (taken as 100%). The anti- 
CD 147 mAb (UM-8D6) reduced the amount of the revrase transc^ption product by 
approximately 2-fbld. As expected {see Example 6), anti-CD4 mAb reduced tiiie amount of LTR 
R/U5-amplified fragment evCT more dramatically. Lower-left panel. Dilutions of 8ES/LAI cells 
containing one mV-l genome per ceU were used as PCR standards. 

25 Figure 7E shows die effect of anti-CD147 mAb on subcellular distribution of HIV-1 

protems. MT-4 cells were inoculated at with HIV-lu^ in the presence of 50 |ig/ml of anti- 
CD147 mAb (Ancell) or isotype-maldied control mAb. An aliquot (1x10^ cells) was withdrawn 
after 30 mimites for piotdn analysis (le., flie 0 far p.i time-point san4)le) (upper panel)^ while 
the inoculated cultures were transfmed to 37X1^ and incubated for L5 hr (lower panels). 

30 Subcellular fiactionation was performed (see 'T^ethods,'' Example 6) and proteins in cytosolic 
(Q, membrane (M), and cytoskeleton (CS) fiactions were analyzed by Western blot and ECL 
using monoclonal antibodies to actin,CA, and MA. Viral MA protein and CA, in the absence of 
anti-CD147 mAb, undraiv^ diaracteristic translocations fiom the membrane (M), into the 
cytoskel^on (CS), and cytosol fractions, respectively, 1.5 hours after infection (isotype panel, 

35 lanes **CS*' and "C,** respectively). However, both MA and CA remained associated with the 
cell-matnbrane fiaction in MT-4 cells treated with anti-CD147 mAb (UM-8D6) (a-CD147 
panel, lane *M*0> indicating that EMMPRIN was involved m tibe regulation of HIV-1 uncoating. 
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Figure 8 shows that r^lication of a CsA-resistant HIV virus strain was not inhibited by 
anti-CD147 mAb. 293T cells weretonsfected with molecular clones of either HTV-Inm-j 
("WTO {left panel) or mutant C*A224F0 {right panel) viruses, in flie absrace ("(T) or presence 
(*X;;sA") of cyclosporin A (1 \£M). Virus-producing transfected cells wore washed and cultured 
5 in quadrupHcate for additional 4 days with n93T + CD4* T cells^ or without C*293r') 

addition of CDS"^ T ceU-dq>l^ PBMC and anti-CD147 mAb (UM-8D6; at 100 ^g/ml). Virus 
rq>Ucation was assayed by measuring RT activity in cdturesupeniat^ Results are presmted 
asmean±SE. Anti-^IDM? mAb (UM--8D6) did not inhibit i^Hcation of 1^^ 
A224E virus, whereas rqilication of the wild-type virus was significantly diminished. 

10 Figure 9 ^ows tfiat an eight-amino acid polypq)tide ([SEQ ID N0:3]) from the amino- 

tmninal end of the EMMPRIN fransmmibrane region blocked infection of CHO-EMM cells by 
Env^°^^-pseudotyped ludftarase-expressing HIV-1 . The left-hand panel shows a schraiatic 
structure of CD147 ("sp''^ signal pqptide, extracellular domain, transmanbrane 
domain and "c' - cytoplasmic donuun) and two pq)tides (**pq)tide P and •*pq>tide 2") derived 

15 from its transmonbrane domain. The right-hand panel shows luciforase expression data on day 
4 post-infiscdon of CHO and CHO-EMM cells ttiat wore infiscted with recombinant &v^^- 
pseudotyped ludferase-expressing HIV-I in the presence of die mdicated concentrations of 
pq>tides 1» 2 and ^'sacambled pqytide 1." Pq>tide 1 (LAALWPFL) is an eight-amino acid 
sequence [SEQ ID N0:3] corresponding to amino adds 206-213 of die EMMPRIN 

20 transmembrane domain. Pqptide 2 (GIVAEVLVL) is a nine-amino acid polypeptide sequence 
[SEQ ID N0:4] corresponding to amino acids 214-222 of die EMMPRIN transmembrane 
domain. Scrambled peptide 1 (PAWPLIXA), the randomized sequence control, was made 
according to arandonuzed sequence of the amino add residues of peptide 1. 

25 DETAILED DESCRIPTION OF THE INVENTION 
Definitions 

lefeis to the protdn <^lophilin of ^i^cfa at least four ^es are known, CyPA (the 
host-cell recqptor finr ^losporin A), CyPB, Cy9C and hCyP3, any derivative of cyclophilin, or 
any firagmfflts or pqitides having an amino add sequmoe correqxmding to c^lophilin. 
30 Polypeptides or pq>tide fragments of CyP are refened to as CyP polypeptides or CyP pq)tides, 
and include derivatives of CyP, CyP polypeptides or pq>tide fragments, and fusions of CyP, CyP 
polypq>tides or pq>tide fragments to an imrelated protein (referred to herein as CyP derivatives, 
and CyP fiision proteins, respectively), A fimctional CyP refers to a protein that binds to its 
cognate CyP-binding protein or ligand in vivo or in vitro. For exan:y)le, a functional CyPA is a 
35 CyPA protdn, pq)tide, polypeptide or fusion protein that binds to EMMPRIN, CsA, HIV-gag 
protdn (specifically, with the ci^sid antigen portion thereof), or combinations thereof 

C!yP binding protem means any cellular binding protein, cell-surfiace binding protem or 
recqptor, extracellular recq>tor, soluble receptor or intracellular binding protein, which has 
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cyclophilin-specific binding activity. For example, as disclosed herein, EMMPRIN is a cell- 
surface CyP-binding protein (/.e., a cell-surfece recq>tor for CyP)- 

Cs A is cyclosporin A, any derivative of cyclosporin A, or any fragments or peptides 
having an amino acid sequence corresponding to cyclosporin A. 
5 EMMPRIN [SEQ ID N0:2] is the human extracellular matrix metalloproteinase inducer 

pn)tdn,andisaceII-sur&ceCyPAorCyPBTecq)tor. EMNfPRIN is altCTiately refoied to in 
die art as C33147, basigin and M6*antig^ Polypq>tides or pq>tide fiagmoits of EMMPRIN are 
referred to as EMMPRIN polypeptides or EMMPRIN pq>tides, and include dmvatives of 
EMMPRIN, EMMPRIN polypeptides or pqitide fiagments, and fusions of EMMPRIN, 
10 EMMPRIN polypeptides or peptide fiagmrats to an umrelated protein (refened to herein as 

EMMPRIN dmvatives, and EMMPRIN fusion proteins, respectively). A fimctional EMMPRIN 
protein, peptide, polypq}tide or fusion protein refers to an EMMPRIN protein, pq)tide, 
polypq)tide, fusion protein, cellular receptor, soluble receptor or intracellular binding protein 
that binds CyP protein, pq)tides or derivatives tiiereo^ or that binds retroviral*associated CyPA 
15 proteins or peptides in vivo or in vitro. 

CD147 means EMMPRIN [SEQ ID N0:2]. 
Anti-EMMPRIN antibody means an anti-CD147 antibody. 

Anti-CD147 or anti-EMMPRIN antibody means an antibody that q)ecifLcally recognizes 
one or more epitopes of EMMPRIN, or conserved variants of EMMPRIN or pqptide fiagments 

20 of EMMPRIN, including but not limited to polyclonal antibodies, monoclonal antibodies 
(mAbs), humanized or chim^c antibodies, single-chain antibodies. Fab fiagments, F(ab')2 
fragments, fiagmrats produced by a Fab expression library, anti-idiotypic (anti*Id) antibodies, 
and epitope-binding fiagmmts of any of the above. 

Anti-CD147 mAb (UM-8D6), or UM-8D6 anti-CD147 monoclonal antibody specifically 

25 refers to tiie murine IgGl anti-CD 147 monoclonal antibody that is commercially available &om 
AnceUIomiunologyReseardi Products (Bayport,MN). This antibody was used in Examples 5- 
7bdow. 

Anti-CD147 mAB (M6FT) specifically refos to die anti-CD147 monoclonal antibody 
RDI-CD147-M6FT, that is commmMfy available fiom. Research Diagnostic, Inc. CRDI,** 
30 FlandOT,NJ). Tliis antibody was used in Exanqple 2 below. 

MMPs means matrix metalloproteinases. ProMMP means the inactive zymogen 
(proGDzyme) form of the corresponding MMP that can be activated by proteolytic cleavage. For 
example, MMP-1 is produced by proteolytic cleavage of proMMP-1. 

PIC means HIV-1 pre-integration conq>lex. 
35 MA means tiie HIV-1 matrix antigra protein. 

CA means the HIV-1 c^sid antigen protein. 

PHA means die phytohaemaglutinin antigen. 

293T cells refer to the art-recognized, HIV-l-suscq>tible human CTibryonic kidney cell 
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CHO cells refer to Hie art-recognized Chinese Hamster ovaiy cell line. 
CHOEMM cells ref&c to the stably-transfected CHO cell line that constitutively 
expresses high levels of EMMPRIN. 
5 MT-4 cells refer to the art-rocognized human T cell line. 

PBMC refers to primary human peripheral blood mononuclear cells. 
A224B refers to tixe art-recognized CsAnresistantHIV-l CA mutant strain. 



Overview 

10 The presOTt invention is based on qyplicant's surprising discovoy of a ligand/recqptor 

relationship betwe«i cy clophilin (**CyP*0 and ^ctracellular matrix metalloproteinase inducer 
CmiMPRINrO. Moreover, anti-CD147 (Le., anti- EMMPRIN) monoclonal antibodies, which 
bind to the extracellular domain of the EMMPRIN), blocked CyP binding to EMMPRIN 
(Example 1), CyP/EMMPRIN-mediated signal transduction (Example 2) and CyPA-related 

15 HIV-1 infection/replicatioiL Therefore, agents that modify ttieCyP/EMMPRIN interaction have 
boflb. CyP- and EMMPRIN-ielated tiben9>»tic utilities. 

Treaimeni and screening meihods. The present invention provides screraing methods 
(e:g., assays) to identify test compounds that modify the CyP/EMMPRIN int^^ction, and that 
thereby have tfier^utic utility in methods of treatm^t for indications such as HIV-I infection, 

20 acquired immune deficimcy syndrome (*^AIDS'')> infiammatoiy and autoimmune disease (e.g., 
rheumatoid arthritis CKA'O, EAE, ARDS, peridontitis), tumor growth or metastasis or any 
condition charactoized by local or systonic CyPA release, synthesis or binding in a patient 
needing treatment Compounds oicompassed by the m^ods of present invention include, small 
molecules, laige molecules (e.^., j^fMPRIN or CyP proteins, and pq>tides thereof) and 

25 antibodies. 

Cdlular and non-cellular assays can be used to identify compounds that interact with 
EMMPRIN, and/or CyP, to mimic, modulate or antagonize assodation betwem these molecules, 
and/or to modulate the activity ofEMMPRIN,CyP, or the EMMPRIN:Cy^ Thecell- 
based assays can be used to identify cQnqK>unds or compositions that a£fect, e^., the activity, 

30 translocation, or cellular compartmmtalization of EMMPRIN, CyP, or the EMMPRIN:CyP 

complex, or the EMMPRIN-mediated cellular compartmrntalization of oHier proteins (e.g., HIV- 
1 MA and CA protdns). The assays can measure, among other parameters, direct binding to 
EMMPRIN, CyP, or the EMMPRINzCyP complex , or can measure indirect effects on or by 
intracdlular&ctors involved in the downstream signal transduction pathway. Sudi cell-based 

35 assays utilize cells, cell lines, or engineered cells or cell lines that express EMMPRIN and/or 
CyPprotdns or pq>tides, or fiisionsttiereofwith unrelated protein The cells can be 

fimfaer engine^:ed to incorporate a r^ort^ molecule linked to tfie dgnal transduced by 
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j^VlMPRIN, CyP, or the EMMPRINrCyP complex to aid in the idoitification of coDq>ounds that 
modulate EMMPRIN-mediated sigaaling activity. 

EMMPRIN and CyP proteins, polyp^tides and fosion proteins aie used in cell, and non- 
cell based assays for screwing compounds tibiat interact with, and/or modulate the activity of 

5 EMMPRIN, CyP, or the EMMPRINiCyP complex, for generating antibodies, and for 
diagnostics and th^apeutics. 

EMMPRIN or CyP protein products are used Hienqpeutically as EMMPRIN antagonists 
oragonists. Sudi EMMPRIN or C^Pprotran products include, but are not 
polypq)tides corre^nding to one or more EMMPRIN or CyP domains (eg., the EMMPRIN- 

10 interaction domain of CyP), truncated EMMPRIN or CyP polypq)tides lacking one or more 
EMMPRIN or CyP domains (e.g., in tibe case of EMMPRIN, the extracellular and/or tiie 
transm^brane domains, ^.), EMMPRIN or CyP fusion protein products (e,g,, GST fusions, or 
q)itope tagged fusions, including EGFP and FLAG fiisions), and EMMPRIN or CyP protein or 
pq)tide doivatives or complexes. 

15 For example, an effective amount of an appropriate soluble EMMPRIN protein or 

pq)tide, or a EMMPRIN fusion protein (e.g., EMMPRIN is administraed to a patient, 
whereby it interacts wifli and alternatively ''activates," 'iieutralizes,'* or '"mops vp^ endogenous 
CyP» to modulate the activity of EMMPRIN, CyP, or the EMMPRINrCyP con^lex. In yet 
another embodiment, nucleotide constructs oicoding such EMMPRIN products are used to 

20 goaeticaUy engineer host cells to eatress such EMMPRIN products in v/^^ These genetically 
QDgineered cells function as '^ioreactors" in the body, delivoing a continnous supply of the 
q)propriate sohible EMMPRIN product that will altraiatively ''activate,** "noitralize,** or "mop 
up** endogenous CyP. 

Alternatively, antibodies to EMMPRIN or other agmts tiiat are EMMPRIN agonists or 
25 antagonists, and/or that modulate EMMPRIN-mediated signal transduction, and that act on 
downstream targets in the EMMPRIN-mediated signal transduction pathway are used as 
fbenyieutic agorts. 

Hie CyP/EMAfPRIN Binding Interactfon is a Novd Therapratic Intervration Target for 
30 Conditions Characterized by Local or Systemic CyP Release^ Synthesis or Binding snch as 
RhMmatoid Ardiritis (RA) 

The CyP/EMMPRIN binding interaction is a novel intervention target for CyPA-related 
die:apeutic indications sodi as RA because: (1) EMMPRIN is a CyP binding proteiii; (2) 
EMMPRIN is a signaling receptor for CyP, and mediates tyrosine kinase-dq^^dant signal 
35 transduction; and (3) CyP treatment activates and enhances expression and release of proMMP- 1 
and inoMMP-3 in Wl-38 primary human fibroblasts. 

{1) EMMPRIN was ident^ as a CyPAbin^ Speoifically, an EMMPRIN 

cDNA clone [SEQ ID NO:l] was isolated and initially identified as a CyPA iAtmcting protein 
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by a standard Yeast Two-Hybrid protocol (Example 1 and Figure 1). The CyPA/EMMPRIN 
binding int^action was fbm confirmed by demonstrating specific binding of [^S]-labeled 
EMMPRIN to CyPA sq>han>se affinity resin (Example 1, Figure 1, right-hand panel). 

(2) EMMPRIN was identified as a signaling receptor for CyP, and mediated tyrosine 

5 kinase-d^endant signal transdtiction. Specifically, CyPA or CyPB induced Ca^ mobilization 
in CHO-EMM cells (that are stably transfected with an EMMPRIN-expression vector, and that 
constitutively express EMMPRIN), but not in conlrol CHO cells (no ^dMPRIN expression) 
Example 2, and Figure 3, left-hand panel). Moreovo:, anti-C3)147 mAb (M6FT) (i.e., anti- 
EMMPRIN mAb), but not isotype control antibody blocked CyPA-mediated Ca^ mobilization 
10 in CHO-EMM cells (Figure 3, rigjit-hand panel). Furtfaemiore,ttie tyrosine kinase inhibitor 
genistein was effective in blocking CyPA-induced signaling in CHO-EMM cells (Figure 4). 
Thus, EMMPRIN was identified as a cellular recq>tor for CyPA and CyPB, and mediated 
intracellular signal transduction through a tyrosine kinase»dq)ffldant pafliway . 

(3) CyPA treatment activated egression of proMMP-1, and enhanced release of 
15 proMMP'3 in WI'38 primary human fibroblasts. Treatmoit of WI-38 primary human 

fibroblasts with CyPA activated expression and rdease of the metalloproteinase zymogen 
proMMP-1, and enhanced die release of proMMP-3 (Example 4 and Figure 5). 
M^alloproteinases MMP-1 and MMP-3 are known to be elevated in the synovial fluid of RA 
patients, and are believed to contribute to RA disease-related pa&ology. Active MMP-1 and 

20 MMP-3 q)ecie8 are {nocessed fix>m the corre^nding secreted inactive zymogens, proMMP-1 
and proMMP-3 by proteolytic oizymes normally released by sunounduig tissue (eg., the 
proteolytic CTzymes in synovial joint fluid of RA patients). 

Therefore, the mechanism by whidi EMMPRIN stimulates MMP production is more 
complex than that presented by earlier ref^^ces that narrowly characterize EMMPRIN as an 

25 adhesion-type molecule involved in cell-cell interactions. EMMPRIN was also idmtified (as 
disclosed ha:dn) as a signal transducing recqitor that stimulated MMP production by receiving 
signals via its soluble ligand, CyPA. 

Accordingly, the present invention siqyports a model whad>y CyP released into 
inflammed joints duriiig active RA disease attracts neutrophils to the joints via CyP binding to 

30 EMMPRIN on neutrophil sur&ces. Iliese neutrophils are then activated in die joints via CyP- 
dq)endfflt, and CyP-indq)mdent mechanisms to release razymes {e.g., neutrophil elastase) tiiat 
exacerbate RA disease. Thoiefore, anti-EMMPRIN antibodies or other agmts that act as 
EMMPRIN agonists or antagonists have tiierapeutic utility for the treatment or prevention of RA 
or othCT conditions characterized by local or systemic CyP release^ synthesis or binding (i.e., 

35 CyP-related th^qieutic indications). 

The CyP/EMMPRIN Binding Interaction is a Novel Therapeatic Intervention Target for 
Conditions Characterized by Local or Systemic CyP Release, Synthesis or Binding such as 
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Treatment or Prevention of HIV-1 Infection and/or AIDS or AIDS-related Disorders 

The CyPA/EMMPRIN binding inteaction is a novel intervention target for fflV 
infection and/or AIDS or AIDS^lated disorders because: (1) cell-sur&ce EMMPRIN lias a 
substantial chancing effect on a pre-integration step of cellular infection of CHO cells by 
5 MuLV", and HlV-l-pseudo^ped retroviruses carrying the HIV-1 core; (2) cell-surfece 
BMMPRINhas a substantial eohandng effect on apre-integration stq> of HIV infection of 
pximaiy human cells (pei:q>he;ral blood mononuclear cells; PBMC); and (3) viral resistance to the 
inhibitory effect of anti-CD 147 mAb (UM-8D6) correlates with resistance to CsA. 

(1) Cell'Staface EMMPRIN had a substantial enhancing ^eci on a pre-integration step 

10 ofcdluIariFtf&^nofCHOcdlsbyMuLV', ondHtV-l-pseudotypedre^cfydrusesca^ 
HIV'l core. The presence ofEMMPRIN protein on the ceUsurfeceofCHO cells enhanced 
infection by MuLV-pseudotyped HIV (Example 5 and Figure 6, left-hand panel). Moreover, this 
OThancOTiCTt was greatly reduced by anti-Ca3147 mAb (UM-8D6) (Example 5 and Figure 6, 
left-hand panel), and such infection was blocked by EMMPRIN transmembrane domain peptide 

15 1 [SEQ ID N0:3] (Example 8 and Figure 9). 

Additionally, EMMPRIN ohanced CHO/CD4/CXQ14 cell (CHO cells transfected with 
CD4- and CXCR4-eixinessiiig vectors) infection by HIV-1 pseudotyped HIV (Exanq)le S and 
Figure 6, middle panel). Moreover, infection of PHA-activated human PBMC by Env^^- 
pseudotyped luc-HIV-l was blodced by pq>tide 1 [SEQ ID N0:3] (Example 8). 

20 Finally, EMMPRIN enhanced HIV infection at a stage preceding viral integration. 

Specifically, HIV-specific revose transaiption increased by 3- to 4-fold in the presence of 
EMMPRIN (le, in CHOEMM/CD4/CXCR4, compared to CHO/CD4/CXCR4 cells). 
Significantly, anti-CD147 mAb diminished this enhancing effect of EMMPRIN (Figure 6, right- 
hand panel), indicating ftiat EMMPRIN acts a stage preceding viral integratioiL 

25 (2) CeU-swface EMMPRINhada substantial enhancing effect on a post-fusion^ pre- 

integration stq^ofHIViitfection of PBMC. Anti-EMMPRIN mAb (UM-8D6) inhibited 
rq>lication of HIV-1 strains in hmnan primary PBMC (Bxanq>le 6 and Figure 7A). Specifically, 
anti-CD147 mAb (UM-8D6), but not isotype-maldied control mAb, inhibited replication of 
macrophage-tiopic (ADA) ami T cell line-adapted (LAV) HIV-1 strains in primary PBMC 

30 (Example 6 and Figure 7A, lefi-^iand and ri^t4iaiKi panels). 

Significantly, anti-CD147 mAb (UM-8D6), in contrast to anti-CD4 mAb, did not block 
HTV attachment to human PBMC, as det^nnined by measuring the amount of cell-bound viral 
p24 after incubation of the PBMC with HIV-l at 4*X: (Example 6 and Figure 7B). Therefore, 
anti-CD147 mAb (UM-8D6) blocked HIV-1 infection at a step betweoi viral attachment and 

35 integratiorL 

MoreovCT, anti-CD147 mAb (UM-8D6), in contrast to anti-CD4 mAb, neither blocked 
HIV Env-mediated fusion b^een PBMC and HeLa cells e}q>ressing HIV-1 ADA and £AV 
CTvelopes (Bxanqple 6 and Figure 7C, left-4iand panel), nor reduced cellular internalization of 
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viral p24 (Example 6 and Figure 7Q left panel). Th^fore, according to the present invoition, 
EMMPRIN acts at a post-fusion stq> in HIV-1 infectioa 

Additionally, anti CD147 mAb (UM-8D6) reduced the amount of both eaiiy and late 
HIV-1 reverse transcription during HIV-1 infection (Example 6 and Figure 7D). HIV-1 reverse 
5 transcription is a post-fusion process that is representative of the progressive maturation of the 
pre-intQgration conq>lex CTICT). Therefore^ anti-CD147 mAb (UM-8D6) interfered with a stq) 
in HIV-I infection betv/een virus-cell fusion and initiation of reverse transcription. 

Furthennore, anti-CD147 mAb (UM-8D6) blocked normal translocation of HIV-1 matrix 
(MA) and cq)sid(CA) proteins eariy after novo infection. Specifically, in the presence of 

10 anti-CD147 mAb (UM-8D6), virus was retained at ttie cell manbrane» indicfttin£ fliat 
EMMPRIN plays a role in HIV-1 uncoating (Example 6 and Figure 7E). 

(3) Viral resistance to the inhibitory effect of anti-CD147 mAb correlated with resistance 
to CsA. Replication of A224E (a CsA-resistant, CA mutant HIV strain) in himian PBMC was 
resistant to treatment witti anti-CD147 mAb (UM-8D6) (Example 7 and Figure 8). 

15 Tha:efore> anti-CD147 mAb interfered with a CyPArdq)endent stsp in HIV-1 infection 

betwew virus-cell fiision and initiation of leveacse transoiption (Le.^ a post-fusion, pre- 
int^ration step). Therefore EMMPRIN mediated a post-fusion, pre-integration stqp m HIV-1 
infection (e.^., viral uncoating). 

Hiere£>re» wittiout being bound by tfaeoiy,.the mechanism by which CyPA mediates 

20 HIV-1 infection is more complex than that presented by the prior-art, which narrowly 

charactmzes CyPA as a protein that interacts with HTV-gag protein in virions, and with cell- 
surfEice hq)arans (asserted, prior to the present mv^tion, to be the "exclusive CyPA receptor^; 
Ssphke et al., EMBOJ. 18:6771-6785, 1999). Surprisingly, as disclsoed herein, EMMPRIN 
mediated a CyPA-dq>^ent stq) in HIV-1 infection. CyPA was tiius involved in multiple 

25 interactions with HIV-gag» hq>arans and EMMPRIN during HIV-1 infection. Moreover, 

EMMPRIN mediated the ncmnal translocation of HIV-1 MA and CA proteins early after de novo 
infection. Draonstiation that anti-CD147 mAb (UM-8D6) antagonized ttie novel 
CyPA/EMMPRIN binding intenu:tion (and the signal transduction mediated thereby) furtii^ 
enables tiie use of other agwts fbaX modify this interaction for use in methods for tiie treatm«t 

30 or prevention of HIV-1 infection and/or AIDS, and/or otiio: conditions charactoized by local or 
systonic CyPA release or ^ntfaesis (£e., CyPA-related ftLecap&a&c indications). 

The CyP/EMMPRIN Binding Interaction is a Novel Ther^utic Intervention Target for 
Conditions Characterized by Local or Systemic CyP Release, Synthesis or Binding such as 
35 Cancer 

The CyPA/EMMPRIN binding interaction is a novel intervention taiget for canc^ 
because: (1) EMMPRIN-ejqpressing tumor cells have been shown to iq>-regulate the ^ression 
of MMPs in fibroblasts co-cultured thorewith (Biswas et al.. Cancer Res. 55:434-439, 1995); (2) 
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CyP activated and/or enhances MM? production in human fibroblasts, as disclosed herein; and 
(3) the d^egulated action of MMPs^ntributes to the pathological destruction of the 
extracellular matrix in many connective tissue diseases including, e.^., arthritis, periodontitis, 
tissue ulcaxdon, and in cancer cell invasion and metastasis (Kahariet al., Ejq), Dermatol 6: 199- 
5 213, 1997; Keyszer et al., J. Rheumatol. 26:251-258, 1999; Benbow et al., J. Biol Chem. 
274:25371-25378, 1999; Keyszer et al., Z Rheumatology 57:392-398, 1998). 

EMMPREN Proteins, Polypeptides, and Antibodies 

EMMPRIN or CyP protein and polypq>tides, and mutated, truncated or deleted forms of 
10 EMMPRIN or CyP and/or EMMPKIN or CyP fiision proteins can be prq>ared for a variety of 
uses, including but not limited to the gCToration of antibodies, as reagrats in diagnostic assays, 
as reagents in assays for sheening for therapeutic compounds that can be used in the treatment 
or prevention oi^ eg.y HIV-1 infection, AIDS, RA and cancer, and as pharmaceutical reagents 
useful in the treatment of; e.g., HIV-1 infection, AIDS and AIDS-related disorders, RA and 
15 cancor. 

Production ofEMMPXM and C^P Prated The cDNA sequence 

oicoding EMMPRIN is shoivn in [SEQ ID NO: 1 ] , along with the corresponding deduced amino 
add sequence [SEQ ID N0:2]. Figure 1 shows schraiatically the signal peptide, extracellular 
(ecd), transmembrane (tm) and intiaceUular(icd) domains of EMMPRIN. Pq)tide5 

20 corresponding to one or more domains of EMMPRIN (ag;, the EMMPRIN ecd or tm domams) 
or CyP, truncated or deleted EMMPRIN or CyP (e,g.y EMMPRIN or CyP in which one or more 
regions or domains have been deleted) as well as fusion proteins in which the full-length 
EMMPRIN or CyP, a EMMPRIN or CyP pq)tide or truncated EMMPRIN or CyP is fused to an 
unrelated protein are also witibin the scope of the invention (e.^., GST, FLAG and EGFP 

25 fusions). For example, such soluble EMMPRIN protems,pq)tides or fusion proteins, or 

antibodies including anti-idiotypic antibodies) fliat bind to and '^activate,'* **neutralize" or **mop- 
up^ circulating C^, can be used as desoibed hoein to treat or prevent, e.^., HIV- 1 infection, 
AIDS, RA and cancor. To this end, peptides coneqxmding to individual domains of 
EMMPRIN, soluble deletion mutants of EMMPRIN, or the oitire EMMPRIN protdn can be 

30 fused to another polypq>tide(&^», an IgPcpolyp^tide, or epitope tag). Alt^nati vely, CyP 
proteins, peptides or fiision proteins that act as agonists or antagonists of the EMMPRIN 
recq)tor, can be used as described heiein to treat or prevent, e,g.y HIV- 1 infection, AIDS and 
AIDS-related disord^, RA and cancer. 

Such pq[>tides, polypeptides, and fusion proteins can be prepared by recombinant DNA 

35 techniques. For example, nucleotide sequences ^coding one or more EMMPRIN regions or 
domains can be synthesized or cloned and hgated togeth^ to encode a soluble EMMPRIN 
protein, such as a soluble recq>tor or soluble binding protein or peptide [SEQ ID N0:3, 
SEQ ID N0:4, SEQ ID NO:S]). The DNA sequmce racoding one or more EMMPRIN regions 
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or domains can be ligated togetbsr directly or via a linker oligonucleotide that encodes a peptide 
spacer. Such linkers may encode flexible, glycine-rich amino acid sequences th^:^y allowing 
the donuiins that are strung togedio: to assume a conformation that can bind BMMPRIN Ugands 
(^g-, CyPA or CyPB). Alternatively, nucleotide sequences encoding individual regions or 
5 domains can be used to express EMMPRINpq)tides. Similar constructions can be prq}ared 
using nucleotide sequraces encoding one or more CyP regions or domains. 

A variety of host-e?q)ression vector systems may be utilized to express nucleotide 
8equm:es encoding (he appropriate regions of EMMPRIN or CyP to produce such polypq>tides. 
Where the resulting pqptide or polypeptide is a soluble derivative the pq>tide, the polypq)tide 

10 can be recovered fiom the culture media. Wha:e1faepolypq>tide or protein is not secreted, the 
EMMPRIN or CyP product can be recovered from the host cell itself. 

The host-expression vector syst^is also encompass engineered host cells that express 
EMMPRIN or CyP or fimctional equivalents. Purification or enrichment of EMMPRIN or CyP 
proteins, pq)tides and fusion proteins from such expression systCTtis can be accomplished using 

15 s^propriate methods well known to those skilled in the art However, such engineered host cells 
themselves may be used in situations where it is im|>ortant not only to retain the structural and 
functional characteristics of tibte EMMPRIN or CyP proteins, peptides and fusion proteins, but 
also to assess biological activity, eg., in drug sa:eening assays. 

The host-esqiression vector systems that may be used for purposes of the invention 

20 include but are not limited to microorganisms such as bactma (eg., £1 colU B. sid}Hlis) 

transformed with recombinant bacteriophage DNA, plasmid DNA or cosmid DNA expression 
vectors containing EMMPRIN or CyP nucleotide sequraces; yeast (eg., Saccharomyces^ Pichia) 
transformed with recombinant yeast expression vectors containing EMMPRIN or CyP 
nucleotide sequences; insect cell systmis infected with recombinant virus expression vectors 

25 (e.g., baculovirus) containing EMMPRIN or CyP sequences; plant cell syst^ns infected with 
recombinant vuus expression vectors (e.g., cauliflower mosaic virus, CaMV; tobacco mosaic 
virus, TMV) or transformed with reconibinant plasmid expression vectors (e.g., Ti plasmid) 
containing EMMPRIN or C^P micleotide sequences; or mammalian cell systems (eg., COS, 
CHO, BHK, 293, 3T3, MCF-7, Hs578T) harboring recombinant expression constmcts 

30 containmg promote doived fiom tiie genome of mammalian cells (eg., metallothionein 

promoter) or fiom mammalian viruses (eg., the adenovirus late promoter, or the vaccinia virus 
7.5K promoter). 

In bacterial systems, a numb^ of expression vectors may be advantageously selected 
depeiding vipon the use intmded for the EMMPRIN or CyP gene product being expressed. For 
35 example, Tsdien a large quantity of such a protem is to be produced, for the generation of 

pharmaceutical conopositions of EMMPRIN or CyP proteins, pq)tides and fusion proteins, or for 
raising antibodies to fiie EMMPRIN or CyP protein, vectors that direct tiie expression of high 
levels offiidon protein products that are readily purified may be desirable Such vectors 
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include, but are not limited, to flie K coli expression vector pUR278 (Ruther et al., EMBO J. 
2:1791, 1983), in which flie EMMPRIN or Cy?K coding sequence may be ligated individually 
into tiie vector in firame with die lacZ coding region so diat a fusion protein is produced; pIN 
vectors (Inouye & Inouye, Nucleic Adds Res. 13:3101-3109, 1985; Van Heeke & Schuster, 1 
5 Biol Chem. 264: 5503-5509, 1989); and ttie like. PGEX vectors may also be used to express 
fordgnpolypq)tides as fusion protdns with ghitalMoneS-tian^^ In general, such 

fusion proteins are soluble and can easily be purified fiom lysed cells by adsorption to 
glutathione-agarose beads followed by elution in ttie jnesence of fiee glutathione. The PGEX 
vectors are designed to include tibiombin or fector Xa protease cleavage sites so that flie cloned 

10 target gme product can be released firom the GST moiety. 

Altonatively, utilizing an antibody or other a£Snity interaction specific for the fusion 
protein being expressed may readily allow for purification any fusion protein. For example, a 
vaccinia expression/affinity purification systan allows jfor the facile expression and purification 
of non-doiatured fusion proteins e3q}ressed in hiunan cell lines (Janknecht, et al., Proc Natl 

15 Acad. ScL USA 88:8972-8976, 1991). In this systrai, the gene of interest is subcloned into a 
vaccinia recombination plasmid such that the gene's opea reading firame is translationally fused 
to an amino-tenninal tag consisting of six histidine residues. Extracts firom cells infected with 
recombinant vaccinia virus are loaded onto Ni^niitriioacetic acid-agarose columns and histidine- 
tagged proteins are selectively eluted with imidazole-containing bufif^. 

20 Insect systems. AMaogrcq^hacaltfornica nuclear pol^^ 

as a vector to e^qnress fordgn genes in an insect system. The virus grows in Spodoptera 
firuffperda cells. The EMMPRIN-* or CyP-coding sequence may be cloned individually into non- 
essential regions (e.^., die pol^edrin gene) of the virus and placed und^ control of an AcNPV 
promote (e^., the pol^edrin promoter). Successfiil insertion of EMMPRIN- or CyP-coding 

25 sequence will result in inactivation of the polyhedrin gme and production of non-occluded 
recombinant virus (le., virus lacking the protdnaceous coat coded for by the polyhedrin g^e). 
The recombiiiant viruses axe then used to iiifixt cells in which the insert 
(SmitfaetaL, J. Vtrol 46:584, 1983; Smith, UJS. Patent No. 4,215,051). 

In m ammali an host cells, a number of viral-based expression systems may be utilized. In 

30 cases i^Aoe an adoiovinis is used as an expression vector, the EMMPRIN or CyP nucleotide 
sequrace of interest may be ligated to an adenovirus transcription/tFanslation control complex, 
eg., ttie late promote- and tripartite leader sequoice. This chimeric gene may then be inserted in 
the adenovirus g^ome by in vitro or in viw recombin^on. Insertion in a non-ess^tial region 
of the viral graome (e.g., region El or E3) will resxilt in a recombinant virus that is viable and 

35 capable of expressing ttie EMMPRIN or CyP gene product in infected hosts (Logan & Shenk, 
Proa Nad. Acad. ScL USA 81:3655-3659, 1984). Specific mitiation signals may also be 
required for efiBdent translation ofinsoted EMMPRIN or CyP nucleotide sequence These 
signals mclude the ATG initiation codon and adjacmtsequCTces. In cases where an entire 
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EMMPRIN or CyP g^e or cDNA, including its own initiation codon and adjacent sequences, is 
insoted into the a^ropriate expression vector, no additional translational control signals may be 
needed However, in cases where only a portion of die EMMPRIN- or CyP-coding sequence is 
inserted, exogenous translational control signals, including, perh^s, die ATG initiation codon, 
S must be provided. Furtfaemiore, the initiation codon must be ^in firame^ with the reading fi:ame 
of ttie desired coding sequence to rasure translation of the entire ins^ These exogenous 
translational control signals and initiation codons can be of a variety of origins, both natural and 
synthetic. The efficiency of expression may be enhanced by the inclusion of i^spropriate 
transcription enhancer elements, transcription terminators, etc. (Bittner et al.. Methods EnzymoL 

10 153:516-544, 1987). 

Additionally, a host cell strain may be chosen that modulates the expression of the 
inserted sequences, or modifies and processes the gene product in the specific feshion desired. 
Such modifications (e.g., glycosylation) and processing (e.g,, cleavage) of protein products may 
be important for tiie Amotion of the protein. Difii^ient host cells have characteristic and specific 

15 mechanisms for the post-translational processing and modification of proteins and gme 

products. Appropriate cell lines or host systems can be chosm to ensure the correct modification 
and processing of the foreign protdn opressed. Accordingly, eukaryotic host cells that possess 
cellular machinery for proper processing of tiie primary transcript, glycosylation, and 
phosphorylation oftiie gene imMbict may be used. Such mammalian host cells include^ but are 

20 not limited to, CHO, VERO, BHK, HeLa, COS, MDCK, 293, 3T3, MCF-7, Hs578T and WB8 
cell lines. 

For long-term, higjh-yield production of recombinant proteins, stable expression is 
preferred. For example, cell lines that stably express EMMPRIN or CyP sequences may be 
CTgine^red. Rather than using expression vectors that contain viral origins of rqilication, host 

25 cells can be transformed with DNA controlled by appropriate ^q>ression control elemrats (e.^., 
promoter, enhance sequmces, transoiption temunators, polyad^ylation sites, etc.), and a 
selectabl&mark^. Following flie introduction of the foreign DNA, engineered cells may be 
allowed to grow for 1-2 days in an enridied media, and then are switched to a selective media. 
The selectable marker in tiie recombinant plasmid confos resistance to flie selection and allows 

30 cells to stably integrate tiie plasmid into tiidr chromosomes and grow to form foci tiiat in turn . 
can be cloned and expanded into cell lines. This method may advantageously be used to 
oigineer stable cell lines fliat oqiress flie H^MPRIN or CyP gene product (e.^., flie CHOEMM 
cell line discussed in Example 2 below). Such engineered cell lines may be particularly lisefiil in 
screoiing and evaluating compounds fliat affect the endograous activity of the EMMPRIN gene 

35 product 

A number of selection systons may be used, including but not limited to the hrapes 
simplex virus tiiymidine kinase (Wigl^ et al.. Cell 1 1:223, 1977), hypoxanthine-guanine 
phosphoribosyltransfi^ase (Szybalska & Szybalski, Prac. Nad. Acad. ScL USA 48:2026, 1962), 
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and adenine phosphoribosyltransfease (Low, et al., CeU 22:817, 1980) genes can be employed 
in tk', hgprt' or aprt' cells, respectively. Also, anti-metabolite resistance can be used as the basis 
of selection for the following genes: dhfr^ that confers resistance to methotr^ate (Wigler et al., 
Proc Natl Acad. Scl USA 77:3567, 1980; OTHare et al., Proa Nail Acad ScL USA 78:1527, 
5 1981); gpt, that confeis resistance to mycophenolic acid (Mulligan & B^, Proc. Natl. Acad 
ScL USA 78:2072, 1981); neo, that confers resistance to the aminoglycoside G-418 (Colbraie- 
Garapin et aL, ^ MoL BioL 150: 1, 198 1); and f^o^ that confers resistance to hygromycin 
(Santerre et aL, Gene 30:147, 1984). 

Antibodies to EMMPRIN or C^PA Pofyp^tides. Antibodies that specifically recognize 

10 one or more epitopes of EMMPRIN or CyP, or q>itopes of cons^ed variants of EMMPRIN or 
CyP, or pq)tide fingments of EMMPRIN or CyP are also encompassed by the invention. Such 
antibodies include but are not limited to polyclonal antibodies, monoclonal antibodies (mAbs), 
humanized or chimeric antibodies, single-chain antibodies. Fab fiagments, F(ab*)2 fiagments, 
fragments produced by a Fab expression hbraiy, anti-idiotypic (anti-Id) antibodies, and epitope- 

15 binding fiagments of any of the above. 

Such antibodies are used as a method for the modulation of normal or abnormal 
EMMPRIN activity {see Examples 2, 5, 6 and 7), and are therefore useful as part of methods for 
the trealmrat and/or prevCTtion o^ eg., HIV-1 infection, AIDS, RA and cancer. 

Additionally, the antibodies of the invoition are used, for ^cample, in the detection of 

20 EMMPRIN in a biological sample and are, tibyerefore, useful as part of a diagnostic or prognostic 
technique whereby patients or tissue samples may be tested for abnormal amounts of 
EMMPRIN. Such antibodies are also utilized in conjunction with, for example, compound 
screening schCTies for the evaluation of the effect of test compounds on expression and/or 
activity of &e I^IMPRIN g^e product Additionally, such antibodies can be used in 

25 conjunction with the gene thorny techniques described, below, eg., to evaluate the normal * 
and/or engineered EMMPRIN- or CyP-expressing cells prior to &eu: introduction into the 
patient 

Antibody production. For the production ofantibodies, various host animals are 
immunized by injection with EMMPRIN or CyP, an EMMPRIN or CyP pq>tide (eg., one 

30 corresponding to a functional domain of EMMPRIN or CyP, such as the transmembrane, 
extracellular or CyP-interaction domain), truncated EMMPRIN or CyP polypeptides 
(EMMPRIN or CyP in viiich one or more domains, eg., the transmembrane or CyP-interaction 
domain has bera deleted), fimctional equivalents of EMMPRIN or CyP or mutants of 
EMMPRIN or CyP. Such host animals include but are not limited to rabbits, mice, hamsters and 

35 rats. Various adjuvants may be used to increase the immunological response, dq)ending on the 
host species, including but not limited to Freund*s (complete and incomplete), mineral gels sudi 
as aluminum hydroxide, surfiu:e active substances sudi as lysolecifhin, pluronic polyols, 
polyanions, peptides, oil onulsions, ke^ole limpet hemocyanin, dinitrophenol, and potentially 
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useful human adjuvants such as BCG (bacille Calmette-Gu^in) and Coiynd^act^um parvum. 

Polyclonal antibodies are heterograeous populations of antibody molecules d^ved from 
the sera of the immunized animals. Monoclonal antibodies, which are homogeneous populations 
of antibodies to a particular antigen, are obtained by any technique that provides for the 
5 production of antibody molecules by continuous cell lines in culture. These include, but are not 
limited to, fho hybridoma technique of KoUer and Milstein, (Nature 256:495-497, 1975; and 
U.S. Pat 4376,1 10), the human B-cell hybridoma technique (Kosbor et al.. Immunology Today 
4:72, 1983; Cole et al., Proc NatL Acad. ScL USA 80:2026-2030, 1983), and the EBV- 
hyforidoma technique (Cole et aL, Monoclonal Antibodies And Cancer Therapy^ Alan IL Liss, 

10 Inc., pp. 77-96, 1985). Such antibodies may be of any immunoglobulin class including IgG, 
IgM, IgE, IgA, IgD and any subclass thomf. The hybridoma producing the mAb of this 
invention may be cultivated in vitro or in vivo. Production of high ^tscs of mAbs in vivo makes 
this the presOTtly preferred method of production. 

Additionally, techniques developed for the production of "chimaic antibodies** 

15 (Morrison et al., Proa. NatL Acad ScL USA, 81:6851-6855, 1984; Neuberger et al.. Nature, 
. 312:604-608, 1984; Takeda et dL, Nature, 314: 452-454, 1985) by spUcing the genes fiom a 
mouse antibody molecule of appropriate antigen ^ecificity togeth^ with genes fiom a human 
antibody molecule of q>pn>priate biological activity can be used. A chimeric antibody is a 
molecule in whidi diff^ient portions are derived fiom different animal species, such as those 

20 having a variable region derived fix>m a murine mAb and a human immunoglobulin constant 
region (humanized). 

Alt^natively, techniques desoibed for &e production of single-chain antibodies (U.S. 
Pat No. 4,946,778; Bird, Science 242:423-426, 1988; Huston et al., Proc. NatL Acad. ScL USA 
85:5879-5883, 1988; and Ward et aL, Nature 334:544-546, 1989) are adapted to produce single- 

25 diain antibodies against EMMPRIN or CyP gene products. Single-chain antibodies are formed 
by linking the heavy and light diain fiagm^ts of the Fv region via an amino add bridge, 
resulting in a single diain pohypq>tide. 

Antibody fiagments that recognize specific epitopes are gmerated by known techniques. 
For exanq>lei, sudi fiagmrats include but are not limited to: the F(ab')2 fiagments, that are 

30 produced by pq>sin digestion of the antibody molecule; and tiiie Fab fi:agments, that are 
generated by reducing the disulfide bridges of the F(ab')2 fiagments. Altematively, Fab 
expression libraries are constructed (Huse et al.. Science, 246:1275-1281, 1989) to allow rapid 
and easy id^tification of monoclonal Fab fi:agments with the desired specificity. 

Antibodies to ^IMPRIN or CyP are, in turn, utilized to graierate anti-idiotype 

35 antibodies that ^'mimic" the EMMPRIN or CyP, using techniques well known to those skilled in 
fhe art (Grem^an & Bona, FASEB J. 7:437-444, 1993; and Nissmof^ J. Immunol 147:2429- 
2438, 1991 ). For example^ antibodies that bind to the CyP and competitively inhibit the binding 
of EMMPRIN to the EMMPRIN or CyP are used to generate anti-idiotypes that '"mimic" the 
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EMMPRIN or CyP and, therefore, bind and neutralize EMMPRIN. Such neutralizing anti- 
idiotypes or Fab fi:agments of such antiidiotypes are used in therapeutic regimens to neutralize 
EMMPRIN. 

Alternatively, antibodies are g^erated against EMMPRIN lhat act as antagonists of 
5 EMMPRIN activity, Le., inhibit the activation or signaling by EMMPRIN (as shown in Example 
2, infra). Such antibodies are used therapeutically to treat, e.g,^ HIV-1 infection, AIDS and 
AIDS-related disordm, RA or canca*. Likewise, antibodies that act as agonists of EMMPRIN 
are generated. Such antibodies bind to EMMPRIN and activate its signal transducing activity. 

10 Screening Assays for Drugs Useful in Treating, e.g^ HIV-1 Infection, ADDS and AIDS- 
related Disorders, RA, Cancer and Conditions Characterized by Local or Systemic CyP 
Release, Synthesis or Binding 

Many differmt assay syst^ns (e.g., homogeneous, hetCTogeneous, cell-based and non- 
cell-based) can be designed and used to identify compounds or compositions that modulate 

15 EMMPRIN activity or EMMPRIN gene expression, and therefore, modulate, eg., HIV- 1 

infection, AIDS, RA or cancer. The systems described below may be formulated into kits. To 
this end, die reagents (e.g., EMMPRIN or CyP protein or cells caressing the EMMPRIN or 
CyP proteins) are packaged in a variety of containers, e.g., vials, tubes, microtitre well plates, 
bottles, and the like. Other reagmts can be included in sq)arate containers and provided with the 

20 kit; eg., positive controls samples, negative control samples, EMMPRIN or CyP proteins, 
pq)tides, buffos, cell culture media, antibodies, etc. 

Basic design and principle of screening assays. Without being limited to (he specific 
embodim^ts discussed herein, the following assays are designed to identify compounds or 
compositions that, among ofhear art-recognized possibilities: bind to EMMPRIN, CyP or the 

25 CyP:EMMPRIN compile; that interfoe with the interaction between CyP and EMMPRIN; or 
that effect BMMPRIN-mediated signal transduction or EMMPRIN-mediated cellular 
coi^aimmtalization of proteins (e.g.^ HIV-1 MA and CA proteins). Those compounds 
identified as antagonist or agonists of the CyP/EMMPRIN interaction, or as modifiers of 
EMMPRIN-mediated signal transduction or othor EMMPRIN-mediated activities have 

30 th^apeutic utility for die treatment and prevmtion of, e.g., HIV-1 infection, AIDS and AIDS- 
related disordm, RA or cancer. 

The principle of flie assays to identify compoimds which inhibit the CyP/EMMPRIN 
interaction involves prq)aring a reaction mbcture containing the test compound, functional CyP 
and EMMPRIN protein (or a cellular preparation comprising, in part, EMMPRIN protein), and 

35 incubating the reaction mixture for a time sufficient to allow the components to interact and bind 
(le., to form a complex which can be removed and/or detected). For example, to test a 
compound for antagonist activity, the reaction mixture is prepared in the presence and absence 
of the test compound. The test compound may be initially included in the reaction mixture, or 
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may be added at a time subsequent to the addition of CyP and EMMPRIN proteins. Control 
reaction mixtures are incubated without the test compound or widi a control agent The 
formation of any CyP:EMMPRIN complexes is flien detected. The formation of a complex in 
the control reaction, but not in tiie reaction mixture containing the test con^und, indicates that 
5 the conq>ound antagonizes the CyP/ ENfMPRIN inters Additionally, complex formation 
within reaction mixtures containing the test compound and normal CyP and EMMPRIN proteins * 
may also be compared to complex formation wittiin reaction mixtures containing the test 
compound and dcrivatizied or mutant CyP or EMMPRIN protrins. 

Homogeneous and hderogeneous assay formats. Screening assays for antagonist and 

10 agonists of tihe CyP/EMMPRIN int^:action are conducted in either homogeneous or 

hetCTOgeneous formats. Homogeneous assays are either cell-based or non-cell-hased^ wherein 
the entire reaction is carried out in a liquid phase. Heterogeneous assays are generally (but not 
always; eg., immobilized cells displaying cell-surface EMMPRIN) non-cell-based, and involve 
anchoring either the hgand or the recq)tor onto a solid phase and detecting complexes anchored 

15 on the solid phase at the end of the reaction. 

In either approach, the order of addition of reactants are varied to obtain different 
information about the compounds being tested. For example, test conqpounds that interfere with 
the Ugand/receptor interaction, eg:, by competition, are idooilified by conducting &e reaction in 
the presence of the test substance; by adding the test substance to the reaction mixture prior 

20 to or simultaneously with the ligand and interactive cellular or extracellular recq)tor. 

Alternatively, test compounds that disnq>t preformed complexes, e,g,, compounds with higher 
binding constants that displace one of the components firom the complex, are tested by adding 
the test compoimd to the reaction mixture a&er ligand/recq)tor complexes have been fonned. 
The various formats are described briefly below. 

25 Heterogeneous cett-based and non-^eU-based assays. In a heterogeneous assay system, 

dtfa^ the ligand, or ttie interactive cellular or extracellular recqptor is anchored onto a solid 
sur&ce, \^e the non-anchored q>ecies is labeled, eiflier directly or indirectly. In practice, 
miorotitre plates are utilized. The andiQrediq)edes is immobilized by non-covalent or covalent 
attadunfflts. Non-covalent attadmmt is acconq)]ished by coating the solid sur£u:e witt a 

30 solution of the ligand, receptor proteins or cells expressing the receptor, and optionally drying. 
Alternatively, an immobilized antibody q>ecific for ttie species to be anchored is used to anchor 
the species to the soUd surface. The sur&ces may be prq)ared in advance. 

The assay is conducted by exposing the binding partner of the immobilized species to the 
coated sur&ce with or without the test compound. Unreacted componmts are removed (e.g,, by 

35 washing) after the reaction is complete, and any complexes formed will romain immobilized on 
the solid sur&ce. 

Detection of anchored conqilexes are accomplished in a numb^ of ways not limited to 
the following. Firsts where the non-immobilized species is pre-labeled, the detection of 
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immobilized label indicates that complexes formed. Second^ \^ere the non-immobilized 
species is not pre^labeled, an indirect label is used to detect anchored conq)lCTes; e,g,, using a 
labeled antibody specific for the initially non-immobilized species (tiie antibody, in turn, may be 
directly labeled or indirectly labeled with a labeled anti-Ig antibody). Dq>ending upon the order 
5 of addition of reaction components, test compounds which inhibit complex fomiation or which 
disrupt preformed complexes are d^ected. 

AUematiyefyy flie reaction can be conducted in a liquid phase in the presence or abs^ce 
of the test compound, tiie reaction products separated fiom unreacted con^nents, and 
conq)lexes then heterograeously detected by, e.g., using an immobilized antibody specific for 

10 one of the binding components to anchor any complexes formed in solution, and detecting such 
anchored complexes using another labeled antibody specific for the other binding partner. Test 
compounds that inhibit complex formation or fbat disrupt preformed complexes are identified, 
dq;)mding upon the order of reactant addition in the initial homogmeous liquid phase. 

For example, in a heterogeneous assay the ligand or receptor proteins are first prepared 

15 for immobilization using routine recombinant DNA techniques. For example, the ligand gme 
coding region is fiised to a glutatfaione-S-transferase (GST) gene using a fiision vector, such as 
pGEX-SX-1, in sudi a manner that its binding activity is maintained in the resulting fiision 
proteiiL The inteiiactive recq>tor is purified and used to raise a monoclonal antibody that can be 
labeled with the radioactive isotope The GST-ligsmd fiision protein is anchored to 

20 glutathione-agarose beads. The interactive receptor is then added in the presence or absrace of 
the test compourid in a maimer tiiat allows interaction and binding to occur. Unbound matmal is 
washed away at tbc end of the reaction period, and the labeled monoclonal antibody is added to 
ttie system and allowed to bind to ttie complexed components. The ligand/receptor interaction is 
d^ected by measuring the amount of radioactivity that r^nains associated with the glutathione- 

25 agarose beads. A successfiil inhibition ofthe interaction by the test compound results in a 
decease in measured radioactivity. 

Alternatively, ttie GST-Iigand fiision protdn and the int^active receptor are nuxed 
tog^er in Uqiud in file absence ofthe solid gilutatiiione-agan>sebead& Thetestconq)oundis 
added dther during or after the Swedes are aUowed to inlenu^t This mixture is tiim added to the 

30 glutatfaione-agaiose beads arid unbound iimtaial is washed away. The extent of inhibition of tiie 
ligand/recqitor int0:action is detected by adding the labeled antibody and measuring tiie 
radioactivity associated with the beads. 

Accordingly, the preset invention provides a cell-based and a non-cell based 
heterogeneous assay, wherein the recombinantly expressed EMMPRIN protein, polypeptide or 

35 fiision protein, or CyP:EMMPRIN complex, or cells expressing the EMMPRIN recq)tor are 
attached to a solid substrate (e.^., test tube, microtitre well or a column). The test compounds 
are tfien assayed fi)rtiidr ability to dtfi^bind to the immobilized EMMPRIN protein, 
polypeptide or fiision protdn, or to tiiie CyP:EMMPRIN complex, or for their ability to 
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antagonize or promote flie binding of CyP protein, poIypq)tide or fusion protein to the 
immobilized EMNfPRIN protein, polypq)tide or fusion protein. 

Thus, the scre^ are designed to identify compounds that mimic tiie interaction between 
E^^MPRI^f andENfNfPRlNUgands,suchasCyPAorCy^ In such screws, flie test 

5 compounds are labeled, and are assayed for Hask ability to bind to immobilized EMMPRIN 
protdn, polyp^tide or fusion protein. In another aspect of tibe mvention the sctgcds are 
designed to idratify con^Kiunds that anta^nize the intoaction between EMMPRIN and 
EMMPRIN ligands, such as CyPA or CyPB. In such soeens, the EMMPRIN ligand is labeled 
and test compounds are assayed for Oidr ability to antagonize the binding of labeled ligand to 

10 EMMPRIN. 

Homogeneous cell^Htsed and non-ceU-based assays. Homograeous assays are either 
cell-based or non-cell-based^ wherein the entire reaction is carried out in a liquid phase. 

Cell-based assays. A homogeneous, cell-based assay system is used to screen for 
compounds that modulate the activity of EMMPRIN to identify compounds for the treatment of, 

IS e.g., HIV-1 infection, AIDS, RA or cancer. To this end, cells that mdogenously express 
EMMPRIN or CyP are used to screen for compounds. Alternatively, cell lines, such as 293 
cells, COS cells, CHO cdls, MCF-7 cells, Hs578T cells, fibroblasts, and &e like, are genetically 
engineered to express EMMPRIN or CyP are used for screening purposes. Preferably, host cells 
genetically engineered to express a functional EMMPRIN protein that responds to activation by 

20 CyP or CyP pqptides or fusion proteins, are used as an radpoint in the assay. Such end points, 
for example, are provided by measurem^t of art-recognized changes in chenicai, physiological, 
biological, or phenotypic properties, such as induction of a host cell gene or a reporter gene 
MMPs), cAMP levels, adenylyl cyclase activity, calcium mobilization, host cell G-^rotoin 
activity, host cell kinase activity, activation of signal transduction pathways, extracellular 

25 acidification rate, proliferation, dififerentiatiQn, susceptibility to vu:al infection, receptor 
alterations (e.;., sCTsitization, desensitization, up- or down-regulation), eto. 

To be useful m screening assays, the host cells expressing functional EMMPRIN or CyP 
proteins should provide for a significant BMMPRIN-based CTd-point response, preferably 
greats than 5-fold induction over bacl^xound. Host cells preferably possess a number of 

30 characteristics, dq>ending on die readout, to maximize the EMMPRIN-based inductive response. 
For example, for detecting induction of a CRE rq>orter grae, a set of assay conditions 
comprising: (a) a low natural level of cAMP, (b) a high level of ad^ylyl cyclase, (c) a higii level 
of protein kinase A, (d) a low level of phosphodiesterases, and (e) a high level of cAMP 
response element binding protein is advantageous. In addition, alternative pathways for 

35 induction of the CRE reportec are diminated to reduce basal levels. To increase EMMPRIN- 
based responses, host cells are engmeeied to express a greats amount of &vorable fiu^tors (eg., 
enhanced or constitutive ENAIPRIN and/or CyP expression when screening for compounds that 
act as EMMPRIN antagonists) or a lesser amount of un&vorable factors enhanced CyP 
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egression when sciemng for EMMPRIN agonists). 

In utilizing such cell syst^ns, fhe cells ejqpressing die EMMPRIN or CyP proteins are 
exposed to a test compound or controls. A&ec e?q>osure, the cells are assayed to measure the 
expression and/or activity of components of the EMMPRIN signal transduction pathway. 
5 Alternatively, the activity of the signal transduction pathway itself is assayed. For example, 
afto: exposure, cell lysates are assayed for calcium mobilization (see Example 3), induction of 
cAMP, or modulation of protein tyrosme kinase (PTK) (Bxdaaaplo 3), SCTne/Oireonin kinases, g- 
protdns, Ras, PKA, RAPI, B-Ra^ Mek, or MAPK activity or phosphorylation. Activation or 
deactivation of particular signal transduction pathways and iq>stream activators can lead to 

10 activation or deactivation of many transcription &ctors, which in turn can mediate, among other 
tilings, cellular proliferation, differentiation, quiescence or death. This is exemplified in the 
neuronal differentiation of PC 12 cells by PKA*s phosphorylation of active sites on a small GTP- 
binding protein, R^ 1, and subsequent activation of a serine/threonin kinase, B-Raf and the 
MAPK kinase, Afek which leads to activation of MAPK. This same pathway has been 

15 implicated in the N£ differentiation of specific prostate cancer cell lines, such as LNCaP and 
PC-3M. 

In soeoiing for confounds tiuit may act as agonists of EMMPRIN, it is advantageous to 
use cell lines that express litQe or no CyP to test for activation of signal transduction by the test 
compound as conq)arBd to controls. In screening for compounds fhst act as antagonists of 

20 EMMPRIN, it is advantageous to over-express CyP, or provide exogenous CyP, to test for 
inhibition of signal transduction by die test compound as compared to controls. 

EMMPRIN has been shown herein to mediate the normal intracellular translocation of 
HIV-1 matrix (MA) and capsid (CA) proteins early after de novo infection (Example 6 and 
Figure 7E). Thus, in another embodimrat, test compounds are selected based on their ability to 

25 regulate intracellular translocation of HIV-1 matrix (MA) and capsid (CA) protems after viral 
infection. 

Non'^'4Kised assays. Li addition to homogeneous cell-based assays, homogmeous 
non-cell-based assay systems are used to identify compounds that interact with, e.g., bind to 
EMMPRIN, CyP or to the CyPcEMMPRIN conq>lex* Such compounds act as agonists or 

30 antagonists of ^IMPRIN activity and are used in the treatment o^ e.g,, HIV-1 infection, AIDS, 
RA or canc^. Recombinant EMMPRIN proteins, polypeptides, fosion proteins or soluble 
EMMPRIN proteins are expressed and utilized (witii or without CyP proteins, polypeptides or 
fosion proteins) in non-cell based assays to identify compounds that bind to EMMPRIN, CyP or 
the CyP:EMMPRIN con^lex. Alternatively, polypeptides corresponding to one or more 

35 EMMPRIN or CyP domains, or fosion proteins containing one or more of the EMMPRIN or 
C^P domains are used in non-cell based assay system^ to idratify compounds that bind to 
EMMPRIN, C^P or to the CyPiEMMPRIN con^lex. Compounds identified are ffaers^eutically 
usefol to modulate EMMPRIN-mediated activities, such as signal transduction. 
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For exanqple, assays based on fluorescent r^orter moieties are examples of 
homogoieous non-ceil-based assays. Such assay for exanqile, comprise a fluorescent **teportar 
moiety" and a "quraichCT moiety," each coval^tly bound to linker moieties (eg., 
phosphoramidites, or other appropriate linkers available in die art) whereby each is attached to 
5 one memb^ of the interacting protein pair at issue (e.g., a reporter moiety attached to the ligand, 
and a quracher moiety attached to the mteracting receptor). Examples of suitable reporter and 
quench^ molecules are S' fluorescrat leporter dyes 6FAM (TAM"; 2,7 dimefiioxy-4,S- 
didiloro-6-caiboxy-fluoiescein), TET (6-caiboxy-4J^',7'-tetradilorofluorescdn)» and the 3' 
quencher dye TAMRA (6-caiboxytetiam^ybfaodamine) (Livak et al., PCR Methods AppL 
10 4:357-362, 1995; Gibson et aL, Genome Res. 6:995-1001; and 1996; Heid al.. Genome Res. 
6:986-994, 1996). 

Vfhen flie rq>orter and quencher moieties are in close proximity, the reports moiety 
emission is transferred efiBciently to the quenching moiet/, and the fluorescent-emission 
spectrum (eg., at 518 nm) is quenched or masked. However, on separation, the reporter moiety 

15 emission is no longer transfeued efficiently to the qu^ching moiety, resulting in an increase of 
the reporter moiety fluorescent-emission spectrum. Typically, fluoiochiomes are chosen such 
that the fluorescent intensity of the quenching moiety (eg., TAMRA), changes very little ov^ 
the course of (he reaction. Several &ctor influence Ae efficiency of such fluorescent-based 
assays, including magnesium and salt concentrations, reaction conditions (time and 

20 tenq>erature),protdnsequaice, size and composition. Optimization ofthese factors to produce 
the optimum fluorescence intensity for a given genomic locus is obvious to one skilled in the 
relevant art. 

Accordingly, in one CTibodimoit embraced by tiiie present invention, a preformed 
CyP:EMMPRIN complex is prepared in which eifliCT CyP or EMMPRIN (or both) is labeled 
25 with a suitable fluorescoat tag, y^fhet^by the signal generated by the label or tag is quenched due 
to complex formation {see^ e.g., U.S. Patoit 4,109,496). The addition of a test substance that 
conq>etes with and displaces erne of die species fiom fiie preformed complex results in the 
^nerationofa signal above background. In this way, test substances that antag<mize tihe 
CyP:EMMPRIN int^acticm are idoatified. 

30 

Screening Compoiinds 

The assays described above are used to identify compounds that affect EMMPRIN or 
CyP: EMMPRIN complex activity. For example, conqiounds that affect EMMPRIN or CyP: 
EMMPRIN complex activity include but are not limited to compounds that bind to EMMPRIN, 
35 inhibiting or not inhibiting binding of the natural Ugand (CyP), and that either activate signal 
transduction (agonists) or blodc activation (antagonists), and compounds that bind to CyP (&^., 
soluble EMMPRIN proteins or pq>tides, or CsA derivatives) and thereby antagonize or enhance 
CyP-mediated EMMPRIN activity. 
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Compounds that modulate EMMPRIN signal transduction compounds that affect 
downstream signaling events, calcium mobilization (see Example 3)» induction of cAMP, 
modulation of protein tyrosine kinase (PTK) (Example 3) or serine/threonin kinases, G proteins, 
Ras, PKA, RAPl, B-Ra^ Mek, or MAPK activity or phosphorylation, which may participate in 
5 transducing the signal activated by CyP binding to the EMMPRIhQ are also identified by the 
inventive assay procedures. The preset invmtion provides for fbe identification and use of such 
compounds that affect signaling events downstream of EMMPRIN and thus modulate effects of 
CyP and EMMPRIN on HIV infection, AIDS, RA and canc^. 

However, it should be noted that compounds that affect ^IMPRIN gene activity (by 

10 affecting EMMPRIN gene expression, including molecules, proteins or small organic 

molecules, that affect transcription or interfere with splicing evaits so that expression of the full- 
length or the truncated form of EMMPRIN can be modulated) are also identified by the 
inventive assay procedures. 

Compounds which are screened in accordance with the invention include, but are not 

15 limited to peptides, antibodies and fiagments thereof^ and other organic compounds (e.g., 

peptidomimetics) that bmd to ^IMPRIN or ttie CyP:EMMPRIN conq>lex and eith^ mimic the 
activity triggered by CyP (ie., agonists) or mhibit the activity trigg^ed by CyP (i.e., 
antagonists); as well as pq)tides, antibodies or fiagments thereof and other organic compounds, 
mcluding mutant or truncated BMMPRIN molecules (or a portion thereof) that bind to CyP and 

20 tha«by "activate** or **nwtrali2»'*CyP-mediated EMMPRIN activity. Compounds include, but 
are not limited to peptides, such as soluble pq)tides, including but not limited to m^bers of 
random p^tide libraries; (Lam et al.. Nature 354:82-84, 1991; Houghten et al.. Nature 354:84- 
86, 1991), and combinatorial chemistry-derived molecular libraries made of and/or L- 
configuration amino acids, phosphopeptides (including, but not limited to, mraibers of random 

25 or partially degenoBte, directed phosphopq>tide libraries; e.g., Songyang et al.. Cell 72: 67-778, 
1993), antibodies 0ncluding, but not limited to, polyclonal, monoclonal, humanized, anti- 
idiotypic^ diimeric or single chain antibodies, and FAb, Fisb% and FAb expression library 
fi:agments, and epitope-binding fiagments th0:eof), and smaU organic or inorganic molecules. 
Otiber compounds which are screm&d in accordance with the invention includei, but are not 

30 limited to, small organic molecules that are able to ax>ss fiie blood-brain barrier, gain entry into 
an appropriate cell and afiect die expression of the EMMPRIN gene or some other gene 
involved in the EMMPRIN signal transduction pa&way (e.g., by interacting with the regulatory 
region or transcription factors involved in gene expression); or such compounds that affect the 
activity of EMMPRIN or the activity of some other intracellular &ctor involved in flie 

35 EMMPRIN signal transduction paAway, such as, eg., calcium mobilization, induction of 
cAMP, modulation of protein tyrosine kinase (PTK), serine/threonin kinases, G protdns, Ras, 
PKA, RAPl, B-Rat Mek, or MAPK activity or phosphorylation. 

Identification of the CyP/EMMPRIN interaction also enables the application of art- 
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iGcogmzed computer modeling {e.g.y active site modeling based on X-ray ciystallography, NMR, 
etc.) and database searching tedmologies to permit id^tification of con^mids, or the 
improvement of afaready identified compounds, that can modulate EMMPRIN expression or 
activity. 

5 

Pharmaceutical Formulations and Methods of Treating Cancer 

Compounds identified in the inventive assays that reduce or enhance CyP-mediated 
EMMPRIN activities, such as EMMPRIN-mediated signal transduction can be used to treat, e.^., 
HIV-1 infection, AIDS and AIDS-related disorders, RA or canco:. The particular method, 

10 formulation and mode of administration will dq)end iq)on the tiienpeutic indication, and the 
physico-diemical properties of the conq>ound, and the target organ or tissue. Dififermt 
approaches are discussed. 

According to the preset invaition, treatment of ther^>euticaUy relevant EMMPRIN 
expressing cells in vitro with anti-CD147 mAb not only blocked infection by HIV-1, but also 

15 inhibited CyP-mediated EMMPRIN signal transduction (see Examples 2, 3, 5, 6 and 7). 

ThCTcfore, antagonism of CyP-mediated EMMPRIN activity in vivo (a^., by administration of 
anti-EMMPRIN antibodies, or othoixdse targeting downstream signaling events) in appropriate 
patients would be usefiil m treating, e.g., HIV-1 infection, AIDS and AIDS-related disorders, 
RA or cancer. Alternatively, agonists of CyP-mediated EMMPRIN activity are usefiil, for 

20 exanq>le to enhance normal tissue remodeling processes. 

It is not necessary that the ther^)eutic conq)ound demonstrate absolute specificity for die 
CyP/EMMPRIN interaction. For example, confounds tiiat agonize both EMMPRIN, and other 
unknown CyP interaction molecules, could be used. Such compounds could be administered so 
that delivery to jomts, blood, breast tissue, flie prostate, or else^oe, is optimized to achieve, 

25 e.g.y mV-l infection, AIDS, RA or cancer treatment, and so that potential side effects are 
minimized. Compounds that do not demonstrate a specificity for the CyP/EMMPRIN 
interaction can be administered in coiy unction with anotiier tbsxapy or drug to control the side- 
eflfects that may result fit^m modulating other molecules (e^., otii^ CyP intoacting proteins); 
however, compounds wfaidi demonstrate a prefermce or selectivity fi>r tiie CyP/EMMPRIN 

30 intoraction are preferred. 

Dose I>eiermmations. Toxicity and tiieRQ>ratic ef&cacy of sudi compounds are 
detennined by standard pharmaceutical and toxicologic procedures in cell cultures or 
e)q)erim«ital animals, eg., for d^enninmg tiie LD50 (the dose lethal to 50% of the population) 
and the ED50 (the dose therap«itically effective in 50% of the population). The dose ratio 

35 between toxic and therq)eutic effects is the tfaerap^tic index and it can be expressed as the ratio 
LDjo/EDjo. Cornpounds that exhibit large therapeutic indices are preferred. While compounds 
tiiat exhibit toxic side effects may be used, care should be taken to design a delivery system ttiat 
targets sudi compounds to tiie site of afifected tissue in ordo: to minimize potential damage to 
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uninfected cells and, ther^y, reduce side effects. 

Data obtained fix)m cell culture assays and animal studies is used in fonnulating arange 
of dosage for use in humans. The dosage of such compounds lies preferably within a range of 
circulatmg conc«itrations that include the ED50 with little or no toxicity. The dosage may vary 
5 within ttiis range dq)6Diding upon die dosage form ^ployed and the route of administration 
utilized. For any compound used in the mediod of the invention^ the therapeutically effective 
dose is typically estimated initially fiom cell culture assays. A dose may be formulated in 
animal models to adiieve a diculating plasma concentration range that includes the IC^ (ie., the 
concentration of the test conqx>und that achieves a half-maximal inhibition of symptoms) as 

10 detemiined in cell culture. Such infonnation is used to more accurately determine useful doses 
in humans. Levels in plasma are measured, for example, by high perfomriance liquid 
chromatography. A ther^utically effective dose further refers to that amount of the compound 
sufficient to inhibit HIV infection- ThCTapeutically effective doses may be administered alone or 
as adjunctive therapy in combination with ofbet treatmmts for HIV infection or associated 

15 diseases. 

A thtts^eutically effective dose further refers to that amount of the compound sufBcient 
to inhibit HIV infection, or to inhibit progression of AIDS-, RA- or cancer-related processes. 
Therapeutically effective doses are administered alone or as adjunctive thmpy in combination 
with other treatments for HIV infection or associated diseases. 

20 Formulaiions and Use. Teclmiques for the fomuktion and administration of ttie 

compounds of the instant application are found, for example, in 'Remington's Pharmaceutical 
Sciences" Mack Publishing Co., Easton, PA, latest addition. Pharmaceutical conq>ositions for 
use in accordance witii the present invmtion are formulated in a conventional manner using one 
or more physiologically acceptable carri^ or excipients. 

25 Thus, the conqx>unds and their physioIogicaUyaccq)table salts and soN 

formulated for administration tiux>ugh suitable routes including, inhalation or insufflation 
(either through the moutti or tiie nose), oral, buccal, rectal, transmucosal, or intestinal 
administration, parraiteial ddivety, including intramuscular, subcutaneous, intrameduUaiy 
injections, as well as intrathecal, direct intravmtricular, intravenous, intrqieritoneal, intranasal, 

30 or intraocular injections, and q)tionaIly in a depot or sustained release formulation. 

Furthennore, one may administer the agent of flie preset invention in a targeted dmg dehvety 
system, for example in a liposome coated with an anti-CD4 antibody. Such liposomes are 
taigeted to and taken up selectively by cells expressing CD4. 

For oral administration, the pharmaceutical compositions take the form of; for exanq)le, 

35 tablets pills, dragees, capsules, liquids, gels, syri^s, slurries, suspensions and tiie like, prepared 
by convCTtional means with pharmaceutically accqptable excipimts such as: binding agents 
(e.g., pregelatinised maize stardi, wheat starch, rice starch, potato starch, gelatin, gum 
tragacantii, methyl cellulose^ hydroxypropylmethyl-cellulose, sodium caiboxymethylcellulose, 
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and/or polyvinylpyiTolidone (PVP)); fillers lactose, sucrose, mannitol, or sorbitol, 
microcrystaUiiie cellulose or calcium hydrogen phosphate); lubricants (e.g.y magnesium stearate, 
talc or silica); disintegrants (e.g., potato starch, sodium starch glycolate, cross-linked polyvinyl 
pyrrolidone, agar, or alginic acid or a salt thereof such as sodium alginate); or wetting agents 
5 (e.g., sodium lauryl sul£site). The tablets are coated by methods well known in the art Liquid 
pr^arations for oral administration are, for example, solutions, syrups or suspensions, or they 
may be presented as a dry product for constitution witili water or other suitable vducle before 
use. Such hquidprq>arations are prq>ared by conventional means with phannaceu^ 
accqitable additives such as suspmding agents (e.g., sorbitol synsp, cellulose dmvatives or 

10 hydrogenated edible &ts); emulsifying agents (eg., lecithin or acacia); non-aqueous vehicles 
(e.g., ahnond oil, oily esters, ethyl alcohol or firactionated vegetable oils); and preservatives (eg., 
methyl or propyl-p-hydroxyb^izoates or sorbic acid)« The preparations may also contain buffer 
salts, flavoring, coloring and sweet^iing agmts as ^propriate. Preparations for oral 
administration may be suitably formulated to give controlled release of the active compound 

15 For buccal administration the compositions may take the form of tablets or lozenges formulated 
in conventional manner.' 

For administration by inhalation, the compounds for use according to the present 
invoition are convraiently delivered in the form of an aerosol spray presmtation fiom 
pressurized packs or a nebulize, with the use of a suitable propellant, e.g., 

20 didilorodifluoromeOiane, trichlorofluoromethane, didilorotetrafluoroethane, carbon dioxide or 
other suitable gas. In the case of a pressurized aerosol, the dosage unit may be determined by 
providing a valve to deliver a metered amount Capsules and cartridges of gelatin for use in an 
inhale or insu£Qator may be formulated containing a powder mix of the compound and a 
suitable powd^ base such as lactose or starch. 

25 For injection, the agents of the invention may be formulated in aqueous solutions, 

preferably in physiologically compatible buffers, such as Hank's solution. Ringer's solution, or 
physiological saline buff^. 

The compounds may be formulated for par&atmi administration by ixg ection by bolus 
injection or continuous infusion. Fonnulations for injection may be presrated in unit dosage 

30 form in ampoules or in multi-dose containas,wifli an added preservative. Pharmaceutical 

fonnulations for parenteral administration include aqueous solutions of the active compounds in 
watCT-soluble form. Additionally, susp^ions of the active compounds may be prq>ared as 
q>propriate oily injection suspensions. Suitable lipophilic solvents or vdiicles include &tty oils 
such as sesame oil, or synthetic fatty acid esters, such as ethyl oleate or triglycorides, or 

35 Uposomes. Aqueous injection susp^ions may contain substances ^ch increase ttie viscosity 
of the suspension, such as sodium carboxymethyl cellulose, sorbitol, or dextnuL Optionally, the 
suspension may also contain suitable stabilize or ag^ts which increase the solubility of the 
compounds to allow for the preparation of hig^y concratrated solutions. 
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For transmucosal administration, penetrants qipropriate to the bairier to be peimeated are 
used in the formulation. 

Additionally, the compounds may also be formulated as a depot prq)aratioa Such long- 
acting formulations may be administa:ed by implantation (for example subcutaneously or 
5 intramuscularly) or by intramuscular injection. Thus, for example, the compounds may be 
fomoiulated with suitable polymeric or hydrophobic materials (eg., as an mulsion in an 
accq)table oil) or ion-exdiange resins, or as sparingly soluble derivatives, for exanq)le, as a 
sparingly soluble salt 

Many of the compounds of &e invention identified as modulators of flie CyP/BMMPRIN 
10 interaction may be provided as salts with pharmaceutically compatible countmons. 

Pharmaceutically compatible salts may be formed with many acids, including but not linfiited to 
hydrochloric, sulfuric, acetic, lactic, tartaric, malic, succinic, etc., or bases. Salts tend to be more 
soluble in aqueous or oth^ protonic solvents that are the coiresponding free base forms. 
Examples of pharmaceutically accq>table salts, carri^ or excipients are well known to those 
15 skilled in the art and can be found, for example, in Ranington's Pharmaceutical Sci^ces, 18th 
Edition, A.R. Gennaro, Ed., Mack Publishing Co., Easton, PA, 1990. Such salts include, but are 
not limited to, sodium, potassium, lithium, calcium, magnesium, iron, anc, hydrochloride, 
hydrobromide, hydroiodide, acetate, citrate, tartrate, malate sales, and the like. 

The compositions may, if desired, be presented in a pack or dispenser device that may 
20 contain one or more unit dosage forms containing the active ingredient The pack may, for 
example, comprise metal or plastic foil, such as a blister pack. The padc or disposer device 
may be accompanied by instructions for administratioiL 

Cell-based Gene Therapy Approaches to Controlling EMMPRIN Activity and Treating or 
25 Preventing HIV-1 Infection, AIDS and AIDS-related Disorders, RA, Cancer or other 
Conditions Characterized by Local or Systemic CyP Rdease, Synthesis or Binding 

Additional methods winch may be utilized to modulate the overall level of EMMPRIN 
gene esqyression Ba6/or ^DMPRIN activity in a pati»t include flie introduction of appropdatG 
recombinant (genetically oiguieered) or non-recombinant cells that express soluble Q^MPRIN 
30 or CyP domains, fusion proteins thereof (eg., fusion Ig molecules of EMMPRIN or CyP), or 
cyclophilin (including CyP) mutants, molecular decoys or other mimics of EMMPRIN or CyP 
that inhibit HIV infection or EMMMPRIN-mediated signal transduction, for instance by 
interfaing with CyP/EMMPRIN interactions. Such cells, preferably autologous cells, are 
administered in vivo at the appropriate anatomical site (e.g., in the RA joint), or as part of a 
35 tissue graft located at a different site in die body wh^ they may function as 1)ioreactors'' that 
deUvCT a supply of Uie sohible molecules. Such soluble EMMPRIN or CyP polypq>tides and 
fusion proteins, v/bm expressed at qipropriate concentrations, have utility in antagonizing or 
agonizing endogenous EMMPRIN activity, or in neutralizing, ^'moping up,*' or **activating," as 
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the case may be, tiie native ligand for EMMPRIN {Le., CyP) and thus act as modulators of 
EMMPRDSf activity for the treatmrat, e.g^ of HIV-1 infection, AIDS and AE)S-related 
disord^, RA and cancer. Such cell-based gaie ihcrzpy techniques are well known to those 
skilled in the art (Anderson et al., U-S. Pat No. 5^99^49; Mulligan & Wilson, U.S. Pat. No. 
5,460,959). For example, these m^ods have recently been successfully applied to the 
treatment of human diabetes, whsxdby diabetic patients were lendcfcd independent of daily 
insulin injections by the transplantation (engrafimeat) of insulin-seoieting pancreatic islet cells 
(Shapiro et at, N. Engl J. Med. 343:230-238, 2000). 

Example 1 

EMMPRIN is a CyPA Interacting Protein 

This example provides in vitro experiments using a Yeast Two-Hybrid protocol 
(Clontech Laboratories, Inc.; Palo Alto, CA) with CyPA as flie **baif' (i.e., as (he interaction 
target) to identify CyPA -interacting proteins by screening a cDNA **prey" library prepared from 
B lymphocytes. Specifically, the previously known tiansmraibrane protein EMMPRIN was 
identified as a CyPA-interacting protem in this embodiment of the present invmtion. 

Methods. Yeast two-hybrid screening. Briefly, a 'expressed sequence tag' idmtified as 
human CyPA was obtained from ATCC (ATCC #78809D). In vitro translation and sequencing 
confirmed tfiat this sequrace represoited a full-length CyPA cDNA (essentially homologous to 
GraBank #Y00052). The sequaice was cloned into the vector pAS2-l (ClonTech) to generate 
plasmid pAS2«l-<>yPA encoding CyPA-GAL4 DNA-Binding Domain (BD) fusion protein. 
This plasmid was used as **bait*' to screen a human B-<5ell cDNA Ubrary {L e,, the '^pre/' library) 
(fit)m Dr. S. Fields, SUNY, Stony Brook) constructed in pSEl 107 mcoding GAL4 Activation 
Domain (AD) (library complexity »10^. 

Screening was p^ormed usmg the MATCHMAKER™ Two-Hybrid System 2 (Clontech 
Laboratories, Lac.; Palo Alto, CA)essentiaUy as sug^sted by tfiemanufia^^ Incontiol 
experiments, pAS2-l-CypA did not activate transcription fiom the GAL4 promoter (measured as 
beta-galactosidase iK^tivity) vAim introduced alone into yeast r^rter host strains (Y187 or 
Y190), or whai co-transformed with an •empty* GAL4 Activation Domain (AD) vector 
(jpACT2, Clontech) (negative controls). A strong positive signal was detected when pAS2-l- 
CypA was co-transformed with a pGAD424-GAG construct (expressing a fusion between the 
fiiU-length HIV-1 gag protein and GAL4 AD; Luban et al., CeU 73:1067-1078, 1993) (positive 
control). The actual screening was p^ormed by co-transfonningpAS2-l-CypA together with 
the pSEl 107-ceU library into the Y190 yeast reports host strain. Selection for interacting co- 
transformants was performed by plating the cultures on triple drop-out plates (SDAIfis/-Trp/- 
Leu), and ttioi testing colonies for expression of the lacZ x&pox\Gi gene by a standard filter assay 
protocol. AU blue colonies wmscreoiedfiirtfaer by cyclohexinude counter-selection acc^ 
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to ClonTech protocols to identify &lse positives. Finally, plasmids fiom true positive colonies 
were isolated and sequmced. 

The Isolated EMPRIN done. Approximately 10^ cDNA clones were screened Ten 
(10) clones were selected as true positives aft^ several rounds of screening (see under 
5 Methods'* above) and sequraced. One of &e clones^ diat interacted relatively strongly in our 
screen, carried an ins^ that was 97% id»tical in its sequenced S' 186 nucleotides to human 
extracellular matrix metalloprotemase induce (EMMPRIN) cDNA (DeCastro et al.» /. Imest 
Dermatol 106:1260-1265, 1996). EMMPRIN was selected for tas&iet analysis because it was 
the only transmembrane protdn amcmg die CyPA-interacting clones, yfAaxAi made it a good 

10 candidate for the role of a QrPA receptor (Figure 1). The DNA and protein sequmces of 
EMMPRIN (human) are shown in [SEQ ID N0:1] and [SEQ ID N0:2], respectively. 

EMMPRIN is a 269-amino acid highly glycosylated cell-surface protein, having a 
molecular weight of 50-60 IdDa, and characteristic signal pqptide (sp)» extracellular (ecd), 
transmembrane (tm) and intracellular (icd) domains (Figure 1, left panel). Structurally, 

15 EMMPRIN belongs to the immunoglobulin (Ig)supa^miily(MyaucU 

(Tokyo) 107:316-323, 1990; Kasinreiketal., J. /mmunoil 149:847-854, 1992). EMMPRIN has 
been alternatively refenred to as CD 147, basigin and M6-antig» in human (Miyauchi et al., J. 
BiochenuCrokyo) 107:316-323, 1990; Kasinrerfc et al., //lumwo/. 149:847-854, 1992), 
neurotfaelin and HT7 in chidcen (Albredit et al.. Brain Res. 535:49-61, 1990), basigin and SP^2 

20 protein in mouse raibryo (Altruda dt al.. Gene 85:445-451, 1989; Igakura et al., Biochem. 
Biophys. Res. Commun, 224:33-36. 1996), and OX-47 in rat (Fossum et al., Eur. J. Immunol. 
21:671-679, 1991) cells. The amino acid sequCTices and predicted t^ary structures for all these 
molecules share high homology and conservation of die crucial amino acids. 

EMMPRIN is expressed on the cell surface of some tumor cells whereby, in culture, it 

25 stimulates fibroblasts to produce very high levels of collagmase activity O^iswas et al.. Cancer 
Res. 55:434-439, 1995). Secr^on of collagoiase and o&er metalloprotdnases leads to 
degradation of extracellular matrix componraits of the basement membrane^ a oudal stq> in 
tumor cell invasion and m^astasis, and contributes to cartilage destruction in ifaeumatoid 
. artiiritis (McCadir^ Arthritis Rheum. 34:1085-1093, 1991; Firestein, Arthritis Rheum. 

30 39:1781-1790,1996). 

EMMPRIN is also escpressed on a wide range of normal cells. For sample, EMMPRIN 
is known to be involved in n^ironal-glial cell interactions in retinal development (Fadool & 
Linsa-, Dev. Dyn. 196:252-262, 1993), and in regulation of immune responses and cell-cell 
recognition (B«ditchevsld et al., J. Biol Chenu 272:29174-29180, 1997). Mice lacking basigin 

35 exhibit infertility of both sexes and show defects in short-term memory and learning (Igakura et 
al., Biochem. Biophys. Res. Commun. 224:33-3649, 1996). The expression of EN^IPRIN is up- 
regulated upon T cell activation by PHA. This up-regulation leads to dimerization of 
EMMPRIN on the surface and makes it easily recognizable for antibodies (Edwards & Hallett, 
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Immunol Today 18:320-324, 1997). 

Confirmation that EMMPRIN is a CyPA binding Protein 

In anoth^ mbodiment of the present invCTtion, an afBnity resin binding analysis was 
pCTformed using immobilized CyPA and in vitro transcribed and translated [^S]-Iabeled 
5 EMMPRIN to confirm Ae EMMPRIN-O/P A interaction tbat was observed in the Yeast Two- 
Hybrid experiments. Figure 1 shows that [^S]-labeled EMMPRIN was specifically retained by 
CyPA-dmvatized sepharose beads figure 1, right-hand panel). 

Methods. Prq}aration of f'SJ-Jabeled EMMPRIN. EMM.C1 (containing ecd, tm and 
icd domains) and EMM.C2 (laddng the tm and icd domains) fiagments were cloned into the 

10 pT7 Blue vector and subjected to coupled in vitro transoiption-translation reaction using a TnT- 
coupled reticulocyte lysate system (Promega), according to standard Prom^a protocols. 

Preparation of CyPA nffinity beads and binding reaction conditions. CyPA affinity resin 
was prepared by coupling recombinant hiunan C^PA to sepharose according to manu&cturers 
instructions. In briet one gram of fireeze-dried CNBr-activated Sq)harose 4B (Pharmacia; 

15 Piscataway, NJ) was rehydrated in 1 mM HCl, and washed for 15 minutes with 1 mMHCl 

(200ml/g fireeze-dried powder) on a sint^ped glass finmel. Washed resin was mixed with 6 mg of 
recombinant human CyPA dissolved in 3.3 ml of 0.1 M NaHCO3/0.S M NaQ buffer (pH8). 
The mixture was rocked at room temperature for 2 hours at yMch time 0. 1 S ml of 1 M 
ethanolamine-HCl (pH 9.0) was added and mixture allowed to rock for two additional hours to 

20 qu»ch excess reactive groiq)s, and tiien the redn was ^ctensively washed with three cycles of 
altonatingpH. Control resin was treated idoitically, except that CyPA was not added during 
initial coupling stqp. Binding reactions were p^ormed for 90 min at room tenq)erature in 
binding buffer (20 mM HEPES, pH 6.8; 150 mM KOAc; 2 mM Mg(OAc)^; 2 mM DTT; 0.1% 
Tween 20; 0.1 mM PMSF, 1 ^g/ml aprotinin, Ifig/ml pq)Statin). 

25 EMMPRIN was speciflcalfy retained by CyPA'<oated sqpharose beads. AUquots 

of [^*S]-labeled EMMPRIN were incubated wifli CyPA afBnity resin or with control resm. 
Bound proteins were eluted witfi standard T^iemmli buffer and revealed by electrophoresis 
and autoradiography figure 1, li^t-hand pand). |^S]-labeled EMMPRIN was 
spedfically retained by CyPA sepharose beads, but not control beads laddng CyP A 

30 This ^ecific in vitro buiding intmction was observed ordy with tiie fiiU-lengCh 

EMMPRIN construct EMM.C2 (containing ecd, tm and icd domains), and not with the EMM.C1 
EMMPRIN construct lacking the tm and icd domains. Moreov^, CyPA binds to cell-surface 
EMMPRIN on intact cells and induces intracellular signaling (see below). These results most 
likely reflect a requiranoit for the ^IMPRIN transmembrane and/or intracellular domains for 

35 proper presratation of an ecd CyP-binding site to CyPA on the sq)harose beads, or a mechanism 
whereby, CyPA directly interacts with the tm domain, with either ecd or tm domains or with 
both domains. 
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Example 2 

EMMPRIN is a Si^aling Reenter for CyPA 

This example provides in vitro experimmts and assays demonstrating tbat EMMPRIN- 
5 tiansfected CHO cells expressed high levels of EMMPRIN on the cell surface. That CyPA and 
CyPB induced Ca^ mobilization in such CHO-EMMPRIN cells, and that CyP-induced Ca^ 
mobilization in such CHO-EMMPRIN cells was blocked by the addition of anti-EMMPRIN 
antibodies, indicating that EMMPRIN is a signaling receptor fixr CyP. 

The results shown in the embodiments of Example 1 (Figure 1) demonstrate that 
10 EMMPRIN, cxpress&A in vitro, binds to CyPA immobilized on sq)harose a£Snity resin. 

Experiments were perfonned to further assess whether CyP binds to EMMPRIN expressed on 
the sur&ce of cells, and whether this interaction triggers an intracellular signaling cascade. 

CHO cell lines are EMMPRlN-negativey but were transfected to express high levels of 
EMMPRIN. All human, and most mouse cell lines tested akeady e}q)ressed EMMPRIN. 
15 Therefore, CHO cells, that have no detectable EMMPRIN, were chosen to analyze molecular 
medumisms of CyP-EMMPRIN interactions. A heterogeneous population of CHO cells that 
had already bera transi^tly transfected with a human EMMPRIN expression vector was 
obtained fiom Dr. Brian Toole (Tufts Ibiversity; Boston, MA). Individual clones fliat stably 
caressed high levels of EMMPRIN were isolated fiom this heterogeneous population by FACS 
20 sorting using a commercially available anti-human ^IMPRIN monoclonal antibody (anti- 

CD147, Research Diagnostics, Inc.; Fland^, Nl). Figure 2 shows a FACS analysis of the CHO 
clone (CHO-EMM) expressing ttie highest levels of EMMPRIN on its sur£u:e. The CHO-EMM 
clone was expanded and used for all furth^ eiqymments. 

Exogenousfy-added CyPA or CyPB induced C^ mobilization in CHO-EMMPRIN 
25 cells. The relative mobilization ofintiaceUular stores of caldum in EMMPRIN-transfe^ 

(CHO-EMM) and control (vect0r*transfected) CHO cells was analyzed to determine v^edio: fte 
C^-EMMPRIN mteraction leads to intracellular signal transductimL 

Methods. Cc^ mobilization. Ca^ mobilization asss^ were p^onned essentially as 
described m Sheny et aL, Proc Nad. Acad ScL U.SA. 95:1758-1763, 1998. Briefly, 3x10*^ 
30 Fura-2-AM-loaded CHO or CHO-EMM cells (5x10^ cells pa: ml) were stimulated witti 10 |xg of 
human CyPA per sanq)le, and fiuorescrace emission at 340 and 380 nm was measured on a 
Poidn-Ehner LuminescCTce Spectromet^ LSSOB. 

CyPA induced a charact^tic Ca** mobilization in CHO-EMM, but not in control CHO 
cells (Figure 3, left-haiui panel). The results presoited in Figure 3 were obtained using 10 ^g^[ll 
35 CyPA, because additional experimoits demonstrated saturation of the signaling response at this 
concentration. These results demonstrate that EMMPRIN is a signal-transducing receptor for 
CyPA. Similar results wer&obtained using CyPB in flie CHO-EMM Ca^"*^ mobilization assay. 
CyP-induced efflux in CHO-EMMPRIN cells was bloiAed by the addition of anU- 
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EMMPRIN antibodies. A calcium mobilization experiment in tfie presence of anti-EMMPRIN 
antibody, or isotype control antibody, was p^oimed to obtain additional proof that the observed 
calcium flux was specifically EMMPRIN mediated (Figure 3, right-hand panel). 

Methods. Cc^^ mobilization. Ca^ mobilization assays were p^onned as described 
S herein above, except ttiat anti-CDl47 mAb (M6FT) (Research Diagnostic, Inc) and isotype 
control antibodies (33814X, Pharmingen) wm added at a concCTtration 500 ngM during the 
Fura-2-AM loading step. 

In ttie presence of anti-CD147 mAb (M6FT), CyPA did not induce Ca^ signaling in 
CHO-EMM cells (Figure 3, rigfht-hand panel), establishing that anti-CD147 antibody and CyPA 
10 binding to cell surface EMMPRIN are mutually exclusive. Additional control experiments 
showed lhat anti-CD147 mAb (M6FT) did not itself induce Ca ^ signaling in CHO or in CHO- 
EMM cells. Considered together, and in view of the documented specificities of the antibodies 
used, &ese data prove that EMMPRIN is a signaling receptor for CyPA. 

15 Example 3 

CyPA-indnced Ca^ Mobilization in CHO-EMMPRIN CeDs was Inhibited by Genisfein 

This example provides in vitro e)q>CTments and assays demonstrating that CyP-induced, 
EMMPRIN-mediated Ca^ mobilization occurs througjh known intracellular signal transduction 
pathways. CyPA-induced Ca^ mobilization was measured in cells pretreated witti inhibitors of 

20 various kinases known to be involved in the transduction of intracellular signals. Specifically, 
the tyrosine kinase inhibitor, g^stein, completely abrogated CyPA-induced Ca^ flux in CHO- 
EMM cells that stably e3q)ressed EMMPRIN (Figure 4). 

Methods. Inhibition of Ca^ mobilization analysis. CHO-EMMPRIN cells were first 
pr^reated for 45 minutes, during Fura-2 loading of the cells, with flie following ag«its: Bis- 

25 indolybnaleimide I (10 hM), a PKC inhibitor, PD98059 (100 pM), a MAPK inhibitor, and 
genistdn (67 pM), a tyrosine kinase inhibitor. Thecells were then stimulated with 10 |ig/ml 
CyPA» and subjected to Ca^ mobilization analysis as desoi^ Altonatively, 
BordeteUa pertussis toxin (PTX; at 1 00 ngAnlX mactivates signaling pathways mediated 
by members of the Gi-Go and Gt-i>rotrin &mily, or the PTX B-oligomer (100 ng^), whidi was 

30 recently shown to induce cross-des^itization of chemoldne receptors (Atfano et aL, / Exp. 
Med. 190:597-606, 1999), were added 12 hr prior to stimulation with 10 pg/ml CyPA and Ca^ 
mobilization analysis. 

Genistein completefy abrogated Q^PA-inducedy EMMPRIN-mediated Ci^ 
mobilization in CHO-EMM cells. Figure 4 shows that Bis-indolylmaleimide I (a PKC 

35 inhibitor) and PD98059 (a MAPK inhibitor) had no effect on CyP A-induced C^ mobilization in 
C:H0-EMM cells. IJkewise, treatment of cells with p^tussis toxin (PT>Q or Ihe PTX B- 
oligomer Med to blodc (}yP A-induced Ca^ signaling in CHOEMM cells. In contrast, 
genistein, an inhibitor of tyrosine kinases, completely abrogated Ca^ mobilization in CyPA- 
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stimulated CHO EMMPRIN cells (Figure 4, lower curve). These data show that C^PA- 
induced, EMMPRIM-mediated signal transductioii occurs through a tyrosine kinase-dq>endmt 
pathway. 

5 Example 4 

CyPA-treatment Up-related proMMP Eiqpression and Release by Cultured Fibroblasts 

This example provides in vitro experiments and assays to determine whe&er CyP- 
treatment iq>-regulates matrix metalloproteinase Qieieinafter **MMP'0 ^ression in primary 
lung fibroblasts. The preset embodimrat demonstrates that CypA-treatment activated 

10 esqxression and release of MMP-1, and enhanced that of MMP-3 by WI-38 cultured human 
primary limg fibroblasts (Figure 5). 

Methods, CyP-treatment of primary human lungfibroblasts; western immuno-blot 
analysis. First, primary WI-38 human lung fibroblasts (which express high levels of 
EMMPRIN) were grown to 80% conflumce, smun-starved overnight, and then either mcubated 

15 alone, or in the presmce of 100 ng/ml CyPA^ for five (S) hours. Cell supmiatants and 

membranes were then collected, and analyzed fi>r MMP eiqnnession by WestCTi immuno-blot 
analysis using specific mouse antibodies (Cal Biochem; La Jolla, CA). 

Q^PA treatment activated expression and release of proMMP-l, and enhanced 
expression and release ofproMMP'-S by WI-SS fibroblasts. The question of whether CyPA 

20 induces flie expression of MMP-1, MMP-3» and MMP-9 was examined, because these three 
MMPs have been reported to be elevated in the synovial fluid of rheumatoid arfiiritis patients, 
and are believed to contribute to disease-related pathology (Sorsa et al., Semin, Arthritis Rheum. 
22:44-53, 1992; Keyszor et aL, Jl Rheumatol 26:251-258, 1999; So et aL, Rheumatology 
(Oford). 38:407-410, 1999;McCachren,.4ftArifei2Aeum. 34:1085-1093, 1991). 

25 Figure 5 shows that WI-38 fibroblasts treated with CyPA, but not untreated fibroblasts, 

expressed and released MMP-1 into the culture fluid Additionally, CyPA rahanced the 
expression and release of MMP-S^ \^ch was otherwise constitutively seoeted by these cells. 
MMP-9 was not d^ected in the supernatant fluids of untreated or CyP A4reated cells. 

Furtfaemiore, based iqpon molecular wdghts as assessed by SDS-PAGB analysis, it was 

30 detenninedttiat die pro-mzyme forms of MMP-1 and MMP<-3 were released in response to 
CyPA. Parallel e?q>0ciments analyzing active MMPs using zymography did not reveal bands at 
45 kDa and 33 kDa that would correspond to mature, active MMP-1 and MMP-3, respectively. 
This was not surprising because MMP e}q>ression was examined according to the present 
embodimaat in purified populations of resting fibroblasts in culture. All memb^ of the MMP 

35 &tnily are known to be seoeted as inactive zymog^ (eg., proMMP-1 and proMMP-3) that are 
subsequently activated extracellularly by proteolytic enzymes released by suzrounding cells and 
tissue (Woessner, FilSES 1 5:2145-2154, 1991). The inflamed RA joint, relative to a noimal 
joint, contains a marked increase in &e number of neutrophils fliought to be the source of 
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CTzymes which ultimately cleave proMMP-l and proMMP-3 to ttieir active forms. Activated 
MMPs thra act to degrade cartilage-leadiag to joint destruction (Edwards & Hallett, Immunol 
Today 18:320-324, 1997). 

These data support a dual mechamsm(s) for EMMPRIN-mediated stimulation of matrix 
5 metalloproteinase activity in vm>, whweby EMMPRIN both receives {Le., as a signal- 
transducing cellular recq)tor) a signal via an extracelluar CyP ligand, and imparts as an 
andiored, cell-5ur£ace 'ligand'O a signal via cell-cell adhesion-type interactions wifli a counter 
recq>tor on anotfa^ cell 

10 Example 5 

Cell-sarface EMMPRIN had a Substantial Enhancing Effect on a Pre-integration Step of 
Cdlular Infection of CHO cdls by MoLV-pseudotyped Retrovirases Carrying the HIV-1 
Core 

This ^cample provides in vitro e7q)»iments and assays showing, in CHO cells, that 

15 EMMPRIN is involved in HIV infectioiL Specifically, according to the present embodimait, the 
presence of cell-surface EMMPRIN had a substantial enhancing effect on a pre-integration step 
of cellular infisction by MuLV-pseudotyped retroviruses carrying tihe HIV-1 core (Figure 6). 

Methods. CHO cdl lines. CHO cells, fliat do not e3q}ress EMMPRIN, were initially 
used in DNA tiansfection exprnments to investigate the role of EMMPRIN in EQV-l infection. 

20 This was because all potratialiy HIV-l-suscq)tible human cells that w^ tested Q>rimary T cells 
and macrophages, T lymphoc^c and monocytic, HOS, 293T, and HeLa cell lines) already 
expressed relatively hig^ levels of EMMPRIN. Several CHO-EMM clones wm selected {see 
Example 2) bom EMMPRIN-transfected CHO cells that ware provided by Dr. Brian Toole, 
Tufts Univ^ty, Boston, MA, and tfiat expressed higji levels of EMMPRIN. No EMMPRIN 

25 was d^ected in control (pcDNA-transfectecQ CHO cells. 

Transfection of CHO cells. CHO ceUs grown to 80% confluency in 75cc flasks w^ 
tiansfected witii 10 fig of CEM or CXCR4 expression vectors (pBAB&T4 and pBABE-CXCR4, 
respectively) using Fugene (Bodmnger Mannheim) and following the manu&ctuno^provided 
protocol The tiansfisction efSdency was typically 15-20%, as revealed by flow cytometric 

30 analysis. 

Antibodies. Anti-CD147 mAb (UM-8D6) was obtained ftom Ancell Immunology 
Research Products (Bayport, MN), and isotype-matched (IgGlK) control mAb was ficom BD 
PharMingen (San Diego, CA). Anti-CD4 mAb was fix)m Beckton Dickinson (Parsippany, NJ). 
Infection with ludferase-expressing pseudotyped HIV-1 variants. Single-cycle assays 
35 with Env-pseudotyped, luciferase-expiessing HIV-1 recombinants were p^onned ess^tially as 
previously described (Connor al., 7. Med. 185:621-628, 1997; Dragic et aL, Nature 
381:667-673, 1996). Briefly, pseudotyped ludferase reporter viruses were produced by co- 
transfection of 293T cells with a plasmid expressing an envelope^eficiwt NL4-3 construct, 
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along with a plasmid expressing viral oivelopes d^ved fiom either the X4 strain HxB2, or the 
amphotropic murine leukoma virus (MuLV). Cells infected with pseudotyped virus (5 ng of 
p24 pCT 10^ cells) WCTe lysed using reporter lysis buffer (Promega) after 4 days in culture, and 
lucifarase activity was measured in relative light units using a Dynex MLX miooplate 
5 Imninom^er. 

EMMPRJN enhanced CHOcdl infection by Mid^^ Aluciferase 
activity analysis of infection of CBO-^MM or control CHO cells with recombinant luciferase- 
e3q)ressing HIV-1 pseudotyped witti an an^hotiopic envelope of murine leukffliia virus ^uLV) 
was performed to detemiine \^etfaer EMMPRIN enhanced HIV infection. 

10 Triplicate cultures of CHO-ENdDM or control (pcDNA-transfected) CHO cells w^e 

infected, in the presence or absence of 50 ^g/ml of anti-CD147 (i.e., anti-EMMPRIN) mAb or 
isotype-matched control mAb, with luciferase-expressing HIV-1 (Luc-HIV-1) pseudotyped with 
Env doived from MuLV. Hq>arinase HI (3x1 0"^ lU/ml) was added to cells prior to infection for 
1 hr at 37^C. Lucifoase expression was measured on day 4 post-infection and is presented as 

15 p^^centage of e7q)ression relative to control (CHO-pcDNA cells) taken as 1 00%. 

Cell-sur£ace EMMPRIN mcreased ludferase expression 5- to 6-fold in CHO cells 
(Figure 6, left-hand panel). Moreovo; this increase was greatly reduced ^en anti-CD 147 mAb 
was added during infection (Figure 6, left-hand panel, thud vertical bar). 

EMMPRIN enhanced CHO ceil infection by HZV-l pseudotyped HIV. CHO-EMM or 

20 control CHO cells w^ transioiitly transfected with CD4- and CXCK4-e}q>ressing vectors, and 
th^ infected with a luciferase-expressing HIV-1 construct pseudotyped with the LAV envelope 
to determine whether EMMPRIN enhanced i^lication of viruses pseudotyped with HIV-1 
envelope. 

Triplicate cultures of CHO or CHO-EMM cells wrae transiently transfected with CD4- 
25 expressing pBABE-T4 and CXCR4-e3q)ressmg pBABE-CXCR4 and infected with Luc-HIV-1 
pseudotyped with Bxxv derived fiom HIV-*1^\ wfaidi dq>ends on CD4 and CXC314 for entry. 
Ludferase expression was detected as desoibed bex&n above, and is presented as poncentage of 
expression relative to control cells (CHO/CJD4/CXCR4) taken as 100%. 

Like the above results with Ae MuLV «velope, a 3- to 4-fi)ld increase in luci£aase 
30 expression was observed in cells expressing EMMPRIN figure 6, middle panel). 

EMMPRIN enhanced HIV infection at a stage preceding viral int^ation. The 
amount of HIV-1 revoise transcription was measured in the presence or absence of anti-CD147 
mAb in infected CHO cells to d^mnine if the enhancing effect of EMMPRIN on HIV infection 
was manifested at a stage preceding integration of the proviral DNA 
35 Duplicate cultures of CHO and CHO-EMM cells were transiently transfected with CD4- 

and CXCR4-e}q)ressing vectors, and then infected with lu&-HIV-l pseudotyped witti dtfaer 
Biv*^^ or Biv*^^ in the presmce of anti-CD147 mAb (UM-8D6) or isotype-matched control 
antibody. Viral DNA was analyzed by PCR two hours after infection using LTRR/U5 primers 
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[SEQ ID N0:2] [SEQ ID N0:3], and probe [SEQ ID N0:4] specific for early reverse 
transOTption products (ScImiidtmyCTOvaetal.,/. ViroL 72:4633-4642, 1998). Results wa:e 
quantified on a I>irect toager (Packard) and are presrated as radioactivity associated with 
LTR/gagspeci&c signal relative to control cells (isotype-treated CHO/CD4/CXCR4) taken as 
5 100%. 

The amount of LTR. R/U5 revise transoiption product following infection with 
gjjyMiiLv_ gjj^ Env^^-pseudotyped viruses was in^eased 3- to 4-fold in CHO- 
EMM/CD4/CXCR4 cells compared to CHO/CD4/CXCR4 cells (Figure 6, right-hand panel). 
Moreover, anti<D147 mAb (UM-8D6) diminished this enhancing effect of CD147 (Figure 6, 

10 rigjbt-hand panel, last vertical bar in each series), consistent with the anti-CD147 mAb (UM- 
8D6) effect described above on lucif^ase egression. The reason for the incomplete 
suppression of CD147 activity by anti-CD147 mAb (UM-8D6) likely resulted jfrom the high 
level of EMMPRIN expression in C3HOEMM cells, and/or &om diff^rmces in the EMMPRIN 
epitopes recognized by the antibody compared to virus-associated CyPA. 

15 Therefore, EMMPRIN had an rahandng effect on a pre-integration step of cellular 

infection by retrovhnses carrying the HIV-1 core. Significantly, this effect did not depend on 
the identity of Env used for pseudotypmg. Thus, the activity of EMMPRIN in oihancing HIV-1 
infection does not ^ear to dq)end on the nature of receptors used for csatxy. Such a receptor- 
independmt mode of action resembles the activity of CyPA, which is reported to mediate 

20 attachment of pseudotyped HIV-1 core-contaming vuuses through mteraction with heparanis 
(S^hire et aL, EMBOX 18:6771-6785, 1999). However, hqmians are not required for the 
CThandng effect of EMMPRIN on rq)lication of ludferase-expressing Riv^^^^-pseudotyped 
HIV-1- l^ealmOTtofCHO-EMM cells with hq>arinase in, i^ch significantly 
attachment figure 7B), did not Himmtfth EMMPRIN-mediated lucifetase activity (Figure 6, lefi- 

25 hand panel). 

Thmfore, the instant data are consistent witti a mechanism whereby heparans, while 
pot^itially involved in gpl2a-mediated attachment ^ondor aL, ViroL 72:3623-3634, 
1998), do not contribute to flie EMMPRIN-mediated mhancing effect on a HIV-1 infection stqi 
preceding viral integration. 

30 

Example 6 

Cell-surface EMMPRIN had a Substantial Enhancing Effect on a Post-fusion^ Pre- 
integration Step of HIV-1 Infection of Primary Human PBMC 

This example provides in vitro expoiments and assays showing that EMMPRIN is 
35 involved in HTV infection of hmnan primary periph^ blood mononuclear cells (PBMQ. 
Specifically, the presrace of cell-surfiu^ EMMPRIN on PBMC had a substantial enhancing 
effect on a post-fiision, pre-integration step of cellular infection by T cell-adapted or 
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macrophage-tophic HIV-1 strains, or by pseudotyped retroviruses canying the HIV-1 core 
(Figure 7A-E). 

Methods. Prqparaiion and infection of peripheral blood mononuclear cells (PBMC). 
Human primary pmpheral blood mononuclear cells (PBMC) were obtained from whole blood 
5 using standard FicoU-Hypaque gradient centrifugation methods. Cells wore activated with PHA 
(5 jig/ml) for 2 days and woe flien infected with HIV-1^^ or HIV-l^'^ (5x10^ cpm of RT 
activity per 1x10^ cells) in the presrace of various concentrations of anti-CD147 mAb (UM- 
8D6) or isotype-maldied control mAb. Virus replication was assayed by measuring RT activity 
in culture supematants. 

10 Iftfection with luciferase-expressing pseudotyped HIV-1 variants. Prq>aration o^ and 

infection witti psradotyped Luc-HIV-1 strains was performed as described above under Example 
5, excqpt fliat flie envelopes were derived from either LAV or ADA strains. 

Virus attachment assay. PHA-activated PBMC were incubated for 2 hours at 37*C with 
anti-CD147 mAb (UM-8D6; at 50 ^g/ml), anti-CD4 mAb (5 jig/ml), or hq>arinase III (3x10"^ 

15 lU/ml), and then washed and incubated for one hour at 4°C with HIV-1^^ (10 ng/ml of p24). 
Antibodies, but not hq)arinase, wore presOTt during the one-hour incubation periods at 4*'C with 
HIV-1*^\ The amount of cell-bound viral p24 was assayed by ELISA after extensive washing 
of the cells. 

Fusion assays. Cell-cell fusion. HIV-1 Env-mediated cell ftision was assayed using a 

20 colorimelric fusion technique (Alkhatib et al., J. Virol. 70:5487-5494, 1996). Briefly, primary 
PHA-activated PBMC were infected with vaccmia virus expressing T7 RNA polym^ase (vTF7- 
3, Fuerst et al.. Proa NatL Acad Set U.S.A. 83:8122-8126, 1986), and co-incubated m the 
presence of anti-CD147 mAb (UM-8D6) or isotype-matched control mAb for 2.5 hr at the ratio 
of 5:1 wifli HeLa cells co-uifected with vaccinia viruses expressing HIV-1 Bav (vCB-41 for 

25 ejqiressing X4 Env^\ and vCB-43 for expressing R5 Env^; Brodo: & Bergor, Proc Natl 
Acad ScL U.SjL 92:9004-9008, 1995) and E. coli lacZ gene Unked to the T7 promoter (vCB- 
21R-lacZ, Alkfaatib et al., J. ViroL 70:5487*5494, 1996) to allow ceU fusion. A standard 
oolorim^c asss^, measuring P-Gal activity, was used with detesgent cell lysates for assessing 
cellular fusioiL The results obtained were expressed asp-Gal activity relati 

30 control (no aiitibo^ treatment, takm as 100%), and presented below as Aeme^ 
independCTt measurements with cells from die same donor. 

Virus-cell fusion. For analysis of virus-cell fusion, PHA-activated PBMC wctc 
incubated with HIV-1 for 2 hr at 3T*C in the presence or absence (i.e., "control") of the 
indicated antibody. Cells w«:e treated with trypsin (0.025% for 30 min at 3T*C), lysed, and the 

35 intomalized viral p24 was measured in the lysates by ELISA. The background of this assay (i.e., 
ttie 4*'C "control") was determined by incubatmg cells at 4*'C with the virus but without 
antibody, and thratransfening diem to 37X! in the presence of trypsin^ This value reflects the 

amount of virus that manges to ent^ cells in the presrace of trypsin. 
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Detection ofHIV-1 specific DMA by PCR (Reverse Transcriptase assay). PHA-activated 
human PBMC were treated witii eitha- anti<3D147 mAb (UM-8D6; at 50 jig/ml), anti-CD4 
mAb (2 ^g/ml), or with the corresponding isotype-matched control mAb (50 fxg/ml) 2 hr before 
infection wifli HIV-1. Analysis of HIV-1 revise transcription was flien performed 2 hr after 
5 infection of PBMCs willi HIV-1 using tfie indicated primers, essentially as described in 
Schmidtmayerovaetal.,/. Virol llMyi-AMl, 1998. 

Briefly, cells wm lysed in standard PCR buffer with proteinase K. Tlie proteinase K 
was heat inactivated, and 25 ^1 aliquots w^ subjected to 35 qrcles of PCR in a total volume of 
SO ^1 containing 0^ pM oligonucleotide primers, 200 of each deoxynucleotide, 50 mM 

10 KCI, 10 mM Tris (pH 8.3), 2 mM MgClj, and 1.25 U of Taq DNA polymerase (Peikin-Ehner). 
Each cycle comprised a 30-sec. denaturation step at 94''C, a 30-sec. annealing stq) (Tm-5''C for 
each pair of primers), and a 1-min. extoision at 72*"^ After agarose gel electrophoresis, 
amplified DNA was analyzed by Southern blot hybridization with the [^^]-labeled probe. 
Amplified firagments of the correct size were thrai quantified with an Instant Imager (Packard) 

15 and expressed as a p^xentage of counts in antibody-treated, relative to antibody-untreated 
controls (taken as 100%). The following primers and probes were used: LTR R/U5, srase 
prima: (5'-GGCTAACTAGGGAACCCACTG-30 [SEQ ID N0:6], antisCTse primer (5'- 
CTGCrAGAGATTTTCCACACTGAC-3') [SEQ ID NO:7], and probe (5'- 
T(ntjTGCCCGTCTGTTGTGTG-3*) [SEQ ID NO:8]; LTR/gag primers, saise primer (5'- 

20 CAGATATCCACTGACCTTTGG-3') [SEQ ID NO:9], antisense primer (5'- 
GCTTAATACTGACCJCTCTCGCA-3') [SEQ ID NO:10], and probe (5'- 
GAGGCTTAAGCAGTGGGTTC-3') [SEQ ID N0:11] (see Sdmiidtmayerova et al., supra), 

Subcdlidarfi^actioTiation and Western blot analysis. Subcellular flections of MT-4 cells 
infected with HIV-Ilai were prq)ared using a previously published protocol (Bukrinskaya et al., 

25 J. Exp. Med 188:21 13-2125, 1998) wifli some modifications. Briefly, cells were pelleted and 
incubated on ice in a hypotonic buffer (1 0 mM HEPES, pH 6.9, 1 0 mM KCI, 0. 1 mM PMSF and 
1 figAnl q[nDtinin) for 15 min. Cells were ttendisriq>ted by Douncehomogenization, and nuclei 
ware peUeted at 1,500 xg for 5 misL and discarded. Thesiq)en]atantfi:actionwasiimiovedand 
centrifiiged at 18,000 xg for 45 mixL SupmiatantfixmLfliis second cmtrifiigation was reserved, 

30 and is referred to herein as the ''cytosolic^ firaction. The pellet fix>m the second centrifiigation, 
containing the cytoskeleton and membrane fiiactions, was resuspended in NTENT bufiTer (150 
mM NaCl, 10 mM Tris-HCl, pH 7.2, 1 mM EDTA, 1% Triton X-100, 0. 1 mM PMSF and 1 
lagAnl aprotmin) supplemented wift 1% n-octyl-P-D-glycopyranoside, and was centrifiiged at 
18,000 X g for 30 min. The supernatant fiom this tiiird centrifiigation was reserved, and is 

35 referred to herein as *^embrane" fiiaction, whereas the corresponding pellet r^resents the 
**cytoskeldon** fi:actionL Subcellular fi:actionsfix>m an equivalent of2xl0^ cells/lane was 
fi:actionated on a 12% SDS-PAGE and analyzed by Western blot assay using monoclonal 
antibodies to MA, CA (both &om ABI), and actin (Sigma). 
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Anti-EMMPRW mAb inhibited replication of HTV-l strains in human primary 
PBMC. Anti-CD147 {ie., anti-EMMPRIN) mAb (UM-8D6) was used to further investigate the 
mechanism of EMMPRIN activity in primary human PBMC (Figure 7A). 

Triplicate cultures of PHA-activated PBMC were infected with eittier flie T cell line- 

5 adapted X4 HIV-Ilav strain or the macrophage-tropic R5 HTV-Iada strain (Figure 7A, left 
panel), or with a lucifarase-^pressing recombinant HIV-1 pseudotyped with envelopes dmved 
fiom eitho: LAV or ADA strains Q^igure 7A, rig|it panel). Anti-CD147 mAb (UM-8D6) in the 
amounts indicated (SO ^gAnl was used for flie experiment in the ri^ panel) or iso^e-matched 
control mAb (SO fig/mi in all control samples) was added 30 minutes prior to infection and was 

10 present throughout the duration of the experimmt Virus rq>lication was assessed by RT activity 
in culture siq>ematants on day 21 figure 7A, left panel), or by luciferase activity on day 4 after 
infection (right panel). Results are presented as percentages of RT (using LTR S/U5 primers 
[SEQ ID N0:6] and [SEQ ID NO:7], and piobe [SEQ ID N0:8]) or luciferase activity relative 
to controls (cells treated with isotype-matched irrelevant mAb; taken as 100%). 

15 Anti-CD147 mAb (UM-8D6), but not isotype-matdied control mAb, inhibited 

replication of macrophage-tropic (ADA) and T cell line-adapted (LAV) HTV-l strains in primary 
PBMC (Figure 7 A, left panel). A similar result was observed with recombinant luciferase- 
expressing viruses pseudotyped wifti ADA or LAV envelopes (Figure 7A, right panel). 

AntUCD147mAb (DMSDe) did not block HIV attachment to human PBMC. The 

20 effect of anti-C3)147 mAb (UM-8D6) on diffarrat early steps of HIV-1 replication (cg^., viral 
attachment, fusion, uncoating, etc.) in PBMC was analyzed to define the mechanism of its 
inhibitory activity on HIV infection ^Figure 7B). 

The viral attadunent stsp was analyzed by incubating virus particles with the cells at 4*^C, 
and ftira measuring the amount of cell*bound viral p24. Specifically, triplicate PBMC cultures 

25 were pre-treated at 37X: with anti«<3)147 mAb (UM-8D6; at 50 jig/ml), anti-CD4 (5 |ig/ml) 
mAb, or hq)arinase III (3x10^ lU/mlX and then washed and incubated with HIV-l^^ (10 ng/ml 
ofp24) at 4^ for 1 hr as described in this Example under '^elfaods,^ Theamountof 
cell-bound p24 was assayed by ELIS A, and the results axe ^wn fi>r one rqiresentative 
expmmeat out of tiuee performed with cells fi:om differ»t donors. 

30 Significantiiy, anti-CD147 mAb (UM-8IXS) did not blodc HIV-*1^^ attadmimt to human 

PBMC, whereas anti-CD4 mAb significantly reduced it (Figure 7B), As expected, HIV-1^^ 
attadmimt was also reduced by pre-treatmeut of the cells with hq^arinase m, in accordance with 
the'postulated role of heparans m HIV-1 attachment (S^hire et al., EMBO J. 18:6771-6785, 
1999 (Host CyPA mediates HIV-1 attachmrat to target cells via hq>arans); Mondor et al., J. 

35 Virol. 72:3623-3634, 1998 (HIV-1 attachment to HeLa CIM* cells is CD4-indqraidOTt, gpl20 
dependmt and requires cell-sur&ce heparans). Therefore, these data show that anti-CD 147 mAb 
(UM-8D6) blocked HIV infection at a stqp somewhere between viral attachment and integratiorL 

50 



wo 02/13763 PCTAJSOl/25178 



AnU-^JDU? mAb (VM-8D6) neither blocked HIV Env-^nediated fusion between 
PBMC and HeLa ceUs expressing SJV-l ADA and LA V envelopes, nor reduced cellular 
internalization of viral p24. The effect of anti-CD147 mAb (UM-8D6) on HIV-1 Env-mediated 
fusion between PBMC and HeLa cells expressing HIV-1 ADA and LAV envelopes was 
5 analyzed to determine ifEMMPRIN is involved at the viral-ceUfusio 

(Figure 7C, left panel). Additionally, the effect of anti-CD147 mAb (UM-8D6) on fusion in the 
context of HTV-l infection was analyzed by measuring ttie amount of viral p24 that remained 
associated with HlV-l^^-inoculated PBMC after tiypsinization (Le,^ that corresponding to 
intonalized p24) figure 7C, lig^ panel). 

10 Cell-ceU fusion. Fusion b^een PBMC and HeLa cells expressmg HIV*1 Bav (X4 LAV 
or RS Ba-L) was assessed in ttie presence of anti-CD 147 (UM-8D6; at 50 Hg/ml) or anti-CD4 (S 
^g/ml) mAb by P-Gal expression as desoibed herein above under '^ettiods** in this Example. 
The background activity detected in co-cultures of T7 RNA polymerase-e3q)ressing PBMC with 
HeLa cells expressing only the E. coll LacZ gene linked to flie T7 promoter was subtracted jfrom 

15 all values. The anti-CD147 mAb (UM-8D6) did not inhibit HIV-1 env-mediated cell-cell fiision, 
i^^ieas, as expected, the anti-CIM mAb significantly reduced cell fusion (Figure 7C, left 
panel). 

Virus-cdl fusion. For analysis ofvirus-cell fusion, PBMC were incubated with HIV-1^^ 
as described herein under "T^eCfaods** in this Example, supra. The anti-CD147 mAb (UM-8D6) 

20 did not inhibit viral p24 internalization, ^ereas, as expected, the anti-CD4 mAb reduced the 
amount of internalized p24 to badcground levels (Figure 7C, right panel). Thus, anti-CD147 
antibo^ did not reduce the amount of viral proteins that became resistant to trypsin digestion as 
a result of virus-cell fusion. 

Therefore, tfie collective results of Figure 7C (both panels) indicate that the inhibitory 

25 effect of anti-CD147 mAb on HIV-1 infection is mediated by a post-fusion medianism. 

AnU CD147 mAb (VM-^DS) reduced the amount of both early and late EOfV'l reverse 
transaction. A semi-quantitative PGR m^od was used to analyze flie amount of HIV-1- 
spedfic reverse tiansa:q[>tiQn, a post-fiision process fiiat is rq>iesentative of the progressive 
maturation of the pre-int^raticm complex. (PIQ (Figure 7D). 

30 PHA-activated human PBMC were treated witii dtfa^ anti-CX>147 mAb (UM-8D6; at SO 

^g^ml), or anti-QM mAb (2 fig^)» or with the corresponding isotype-malched control mAb 
(50 jig/ml) 2 hr before mfection with HIV-1 . Analysis of HIV-1 revise transcription was thra 
performed 2 hr after infection of PBMCs witii HIV-1^^ as desoibed above undw •'Methods," 
using primers LTR R/U5 [SEQ ID NO:6] and [SEQ ID:N0:7], and probe [SEQ ID NO:8] 

35 ^pedJBc for die ^'strong-stop** early reva:se transoiption products (Schmidtmayerova et al., J. 
Virol 72:4633-4642, 1998). The PCR results w«e quantified on a Direct linage (Padcard) and 
are presented as percentage of counts in treated, relative to antibody-untreated control (taken as 
100%). Dilutions of 8ES/LAI cells containing one HIV-1 genome per cell (Folks et al., £97. 
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Med. 164:280-290, 1986) used as PGR stanidards (Figure 7D, lower-left panel). The data 
are rq)iesCTtative of three indepradent experiments, performed in dupUcate. 

The anti-CD147 mAb (UM-8D6) reduced the amount of the "strong-stop" rev^e 
transcription product by approximately 2-fold (Figure 7D, upp^-left and right-hand panels). 
5 This short DNA fiagment is produced early aft^ vims entry and its amount reflects initiation of 
reverse transcription (Zadc et aL, Cdl 61 :213-222, 1990). As expected, anti-CD4 mAb reduced 
the amount of LTR R/US-amplified firagmmt even more dramatically (Figure 7D, upper-left and 
right-hand panels), consistent wifli &e herein-described eifect of fiiis mAb on virus attachment 
and virus-cell fiision (Figures 7B and 7Q. A similar effect of anti-CD147 mAb (UM-8D6) was 

10 observed on the amount of PGR fiagment detected with hTRlgag primers [SEQ ID NO:9] and 
[SEQ ID NO: 10], and probe [SEQ ID N0:1 1], which ampUfy anddetect, respectively, a late- 
stage revCTse transcription product (Schmidtmayerova et al., J. Virol ll'^^yi-ASAl^ 1998). 

Therefore, the results of the present embodiment, together with data presrated herein in 
Figures 7A, 7B and 7C, show that anti-CD147 mAb (UM-8D6) intofered with a step between 

IS virus-cell ftision and initiation of revise transcription. One likelymechanism of such activity, 
without being limited to any specific tibeoiy, is ixdiibition of pre-int^pcation complex (PIC) 
formation, whoreby CD 147 plays a role in HIV-1 uncoatmg. 

AnU CD147mAb (UM-^DS) blocked normal translocation ofHTV-l matrix (MA) and 
cqpsid (CA) protons early after de novo infection, indicating ihat EMMPRINwas involved in 

20 HTV-l uncoating. Vinis *^mcoating*' occurs soon after HIV infection, and involves dissociation 
of viral c£q>sid protein (CA) fiom the viral matrix protein (MA) and nucleoprotein complex 
^ukrinsky et aL, Proa Natl Acad. Sd. U.&A 90:6125-6129, 1993; MiUer et al., X ViroL 
71 :5382-5390, 1997). Specifically, MA relocates from membranes to the cytoskeleton, ^diile 
CA is retained in the cytosol (Boukrinskaya et aL, J. Exp. Med. 188:21 13-2125, 1998). This 

25 pattern of protein rearranganents orarelates witfi association of the HIV-1 revise transcription 
complex witfi the cytoskeleton and suggests involvement of the cytoskel^n in tiie early steps of 
PIC formation (Bukrinskaya et al., J. Exp. Med. 188:21 13-2125, 1998). 

The mtracellular distribution of HIV-1 matrix (MA) and cq>sid (CA) protdns early after 
de novo infection was mvestigated to detennine vidbetiier EMMPRIN was involved in tiie HIV- 1 

30 '\incoating'' stq) during infection (Figure 7E). 

MT-4 cells were inoculated at 4*€ wifli HIV-1^ in flie presence of anti-CD147 mAb 
(UM-8D6; at 50 fxg^il) or isotype-matched control mAb. An aliquot (1x10^ cells) was 
withdrawn after 30 minutes for protein analysis (i.e., the 0 hr p.i. time-point sample) (Figure 7E, 
upper panel), while the inoculated cultures were transferred to 37^C and incubated for 1 .5 hr 

35 (Figure 7E, low^ panels). Subcellular fractionation was performed as described herein above in 
ttiis Example under '^^ods,*' and proteins in cytosolic (C)» membrane (M), and cytoskeleton 
(CS) fractions vim analyzed by Western blotting and BCL usmg monoclonal antibodies specific 
for actin, C A, and MA. 
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The resulting intracellular distribution of viral MA and CA proteins, in the absrace of 
anti-CD147 mAb, was consistrat with tihtose in the prior art cited herein, supra. That is, 1 .5 
hours afto: infection, viral MA and CA proteins underwent characteristic translocations from the 
membrane (M), into the cytoskeleton (CS), and cytosol fractions, respectively (Figure 7E, 
5 isotype panel, lanes "CS'^and "C,"* respectively). 

However, no such prot^ translocation was obs^ed in MT-4 cells treated with anti- 
CD147 mAb (UM-8D6), whoein both MA and CA ranained associated with (he cell-membrane 
fiaction (Figure 7E, a-CD147 panel, lane "M"). Therefore, in the presence of anti-CD147 mAb 
(UM-8D6), vims was retained at the cell membrane^ indicating that EMMPRIN is involved in 
10 regulation of the HIV-1 uncoating stq) during infection. 

Example 7 

Viral Resistance to the Inhibitory ElBect of Anti-CD147 mAb Correlated with Resistance to 
CsA 

15 This example provides in vitro ejqpOTments and assays showing that HIV resistance to 

the inhibitory effect of anti-CD147 mAb correlated with resistance to CsA, indicating that the 
antibody mterfered with a CyPA-dq)mdent step in virus infection. Specifically, rq)lication of 
A224E (a CsA-iesistant, CA mutant HIV strain) in human PBMC was resistant to treatmrat with 
anti-CD147 mAb (UM-8D6) (Figure 8). 

20 Methods. CoH:uUureproto<u)lforderu>voHIVinfecti 293T cells were transfected 

witii molecular clones of isograic wild-type or A224B CA mutant viruses, and cultured for 3 
days in the presence or absence of CsA (1 ^M). The cells wm washed on day 3 post- 
transfection and eittier cultured for an additional 4 days witiiout CsA, or used for co-culture with 
PHA-activated CDS* T cell-dq>l^ PBMC (20 blood mononuclear cells per one 293T cell) in 

25 the piesOTce or absence of anti-CD147 mAb (UM-8D6; at 100 fig/ml) but without addition of 
CsA (to avoid virus-unrelated immunosuppressive effects of the drug on T cells fliat affected 
replication of both viruses). Afbsr 4 days of co-cultivation, virus replication was assayed by 
revise transoiptase (RT) activity in culture siq)eiDatants usmg LTR U/S primers [SEQ ID 
N0:6] and [SEQ ID N0:7], and probe [SEQ ID NO:8] as desoibed herein above under 

30 '7i4ediods,*'Bxanq>le6. 

Replication ofA224E (a CsA-resistanty CA mutant HIV strain) in human PBMC was 
resistant to treatment with anti-CD147 mAb. CsA interacts with CyPA, and has been shown to 
thweby intCTfere with Gag (CA antigai portion)-CyP A interactions in vitro y block cyclophilin 
incorporation into virions, and inhibit r^lication of HIV-1 in cell culture. See summary herein 

35 undor **Background,*' supra. These data are consistoit with a model whereby tiie interaction of 
Gag with CyPA is necessary for the formation of mfectious HIV-1 virions (Sheny et al., Proc 
NatL Acad, ScL U.SA. 95:1758-1763, 1998). Accordingly, infection by CsA-rcsistant fflV 
strains (eg., strains with CA mutations that confer CsA resistance, a CyPA-dq>endant trait) may 
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reasonably be cxpetibed to be eitfa^ not depcadisat on CyPA, or diffa^tially affected by CyPA 
recqptor antagonists. 

Therefore^ infection by the A224E virus strain, that haibors a C A mutation that confers 
CsA resistance, was analyzed to determine whether the inhibitory effect of anti-CD147 mAb 
5 correlates with resistance to CsA Such a correlation would be additional evidence that the anti- 
CD147 antibody intafees with a CyPA-dq)endent step in virus infection. 

293T cells were transfected with molecular clones of HIV-1m^, (^WTO (Figure 8, left 
panel) or mutant A224E (Figuie 8, right panel) viruses in the abs«ice CXT) or presmce C'CsA*') 
of cyclosporin A (1 ^M) as described herdn above in this Exanq>le und^ 'Methods." Virus- 
1 0 producing transfected cells were wa^ed and cultured in quadriplicate for an additional 4 days 
with C*293T + CDA"^ T cells*^ or without 0*2931^ addition of CI)8* T cell-dq)leted PBMC and 
anti-CD147 mAb (UM-8D6; at 100 ^g/ml). Vurus replication was assayed by measuring RT 
activity in culture Sfi4>ematants as described above under 'Methods.". Results are presented as 
mean±SE. 

15 The amount of virus produced in ttiis system reflects the efficiency ofde novo infection 

of T cells rather than accumulation of the virus produced from transfected 293T cells. Anti- 
CD147 mAb (UM-8D6) did not inhibit rq>Iication of the CsA-resistant A224E virus, whereas 
rq)lication of die wild^type virus was significantly diminished. A224E virus collected from 
CsA-treated 293T cells replicated to levels sunilar to those of the virus collected from untreated 

20 cells, consistrat with its CsA-resistantphenotype(BraatenetaL,j: ViroL 70:5170-5176, 1996), 
whereas wild-type virus collected in the presrace of CsA was significantly attenuated. 

ThCTcfore, viral resistance to the mhibitory effect of anti-CD147 mAb (UM-8D6) correlated 
with resistance to CsA Thesedataprovideadditiorialevidencethattfaeantibody interfi^ witha 
CyPA-dq)endent stop in virus infectiorL 

25 

Examples 

Peptides Doived from the Transmembrane Region of EMMPRIN Substantially Inhibited 
Infection of CHO-EMM Cdls and Human PBMC by Pseadolyped Retrovinises Ourrying 
the mV-l Core 

30 This exainple provides mvz^ experiments and assays showing!^ 

from the transm^brane region of the EMMPRIN protein inhibit HIV-1 mfection. Specifically, 
an eight-amino acid polypq)tide QSEQ JD NO:3]) corresponding in sequ^ce to a region at the 
amino-tenninal end of ttie EMMPRIN transmembrane domain (see [SBQ ID N0:2]) blocked 
infection of CHO-K^ cells (Figure 9) and human PBMC by Env""^^- and Env^^- 

35 pseudotyped luc-HIV-1 viruses, respectively. 

Methods. CHOceUlines,infectionof CHOceUs withEnv^^i)seudotypedluc-^ 
variants and smgle-cycle ludferase assays were as described herdn above under '^ediods," 
Examples. Preparation and mfection of PHA-activated human PBMC with Env^^- 
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pseudotyped luc-HTV-l was as described h^in above under •'Methods,'* Example 5 and 
Example 6. PBMC Lucifiawase assays were performed as described for CHO cell lines. 

Peptides. Peptides 1 [SEQ ID NO:3], 2 [SEQ ID N0:4] and scrambled peptide 1 [SEQ 
ID N0:5] were obtained as custom polypq>tides from Research Gmetics (Huntsville, Alabama). 

5 Peptide derived from the transmembrane region ofCD147 inhibits MuLV-pseudotyped 

HIV-l infection ofCBO-EMMcdls. The EMMPRIN transmmibrane domain corresponds to 
amino adds 204-228 of ttie EMMPRIN protein sequence [SEQ ID N0:2]. In view of the novel 
EMMPRIN/CyP interaction of the present invention, pq)tides corresponding to sub*regions 
within ttie EMMPRIN transmembrane region were prepared to d^ennine whetii^ they could 

10 inhibit HIV-1 infection. Peptide 1 (LAALWPFL) is an eight-amino acid sequence [SEQ ID 
NO:3] coiTCsponding to amino adds 206-213 of EMMPRIN. Pq)tide 2 (GIVAEVLVL) is a 
nine-amino acid polypeptide sequence [SEQ ID NO:4] corresponding to amino acids 214-222 of 
EMMPRIN. **Scrambledpeptidel*'(FAWPLLLA), die nmdomized sequence control, was 
made according to a randomized sequence of the amino acid residues of peptide 1. 

15 CHO and CHO-EMM C*CHO.CD lAT") cells were infected as described above with 

recombinant luci&rase-e)q>ressing HIV-1 ps^idotyped with MuLV CTvelop in the presence of 
the indicated concentrations of p€|>tides 1, 2, or shambled peptide 1, or with no p^tide. 
Luciferase expression was measured on day 4 post-infection using a luminometer. 

Figure 9 shows that MuLV-psueudotyped HIV-1 infection of CHO-EMM cells was 

20 substantially and q)edfically inhibited by pq)tide 1 [SEQ ID N0:3] in a concentration^ 

AepeoAssaX mann^. HIV-1 infection was essentially blocked in the presCT^ce of 1 nM peptide 1. ' 
Ndth^ pq)tide 2, nor shambled peptide 1 inhibited HIV-1 infection in tiiis assay. 

Peptide derived firom the transmembrane region of CD147 inhibits HIV-l infection of 
human PBMC. PHA-activated human PBMC cultures wctc infected wifli Env^-pseudotyped 

25 luc^mV-l m the presence of the indicated concentrations of peptides 1, 2 or scrambled peptide 
1. As descaibed above feBiv***^^-psueudo^edHIV-^ 

psGodotypcA luc-mV-l infection of PBMC was essntially blodced in flie presence of 1 nM 
p^tide 1. Ndtfaffl-pq>tide2» nor scrambled peptide 1 inhibited Env^-psradotypedluc-HIV-l 
infection in this assay. 

30 EMMPRIN trwismembnme polypeptides anU^onize the CyP/EMMPRIN interaction. 

The above-idratified activity of pq>tide 1 ([SEQ ID N0:3]) in inhibiting infection of CHO- 
EMM cells and PBMC by Env^^- and &iv^^-pseudotyped luc-HIV-1, respectively, is relevant 
to the intCTpretation of data presented herein above under **Example 1," regarding the retention 
of EMMPRIN by CyPA-coated sqpharose beads. Under Example 1, the specific in vitro binding 
35 interaction betweoi EMMPRIN and CyP A was observed only with tiie full-length EMMPRIN 
(containing ecd, tm and icd domains) protein, and not with EMMPRIN lacking tiie tm and icd 
domains. As stated under Example I, tins result either reflected a requirement for the 
EMMPRIN transmembrane and/or intracellular domains for proper presmtation of an ecd-CyP 
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binding site to CyPA on Ae s^harose beads, or was consistent witii a mechanism whaieby, 
CyP A directly interacted with the tm domain, with eittier ecd or tm domains or with both 
domains. 

Without being bound by any specific mechanism, the above-identified inhibition of HIV- 
5 1 infection by ^fMPRIN transmonbrane pq)tide 1 is consistent with mechanism for 

CyP/EMMPRIN interaction wha:eby CyP durectly int^acts wifli a region of the EMMPRIN 
transmmibrane domain, and where said interaction was effectively antagonized by pqptide I 
([SBQ ID N0:3]) on both CHO-EMM cells and PBMC. 

10 In summary: Agents that modify the CyP/EMMPRIN binding interaction have utility for the 
treatmrat or prevention of conditions characterized by local or systemic CyP release, synthesis 
or binding such as HIV-1 infection, AIDS and AIDS-related disorders, RA and Canc^. 

Rheumatoid Arthritis (RA), The examples and embodiments of the present invention 
show that CyP interacts with, and specifically binds to the previously known and broadly 

15 distributed cell-surfiice protein, EMMPRIN. Significantly, J^iMPRIN had no known ligand 
prior to tiie present invention, and was believed only to be a potmtial adhesion molecule cq)able 
of mediating (le., actii^ as a cell-sur&ce ^gand'O cell-cell mteractions. 

Additionally, exaiq)Ies and embodimmts of the present invention demonstrate that CyP 
induces signal transduction in CHO-EMM cells that oonstitutively egress EMMPRIN on their 

20 surface. This response was- shown to be specific, because it was blocked by the addition of anti- 
EMMPRIN specific antibodies. Moreover, the tyrosine kinase inhibitor Genistem completely 
abrogated CyP-induced Ca^ mobilization m CHO-EMM cells, mdicating that EMMPRESf- 
mediated Ca^ mobilization occurs ttnou^ known intracellular signal transduction pathways. 

Furthermore, treatmoit of cultured human primary lung fibroblasts with CyP induced the 

25 release of proMMP^ and enhanced the production of pn)MMP-3. These two matrix 

metalloproteinases are known to be iqnregulated in synovial fluid and tissues in patients with RA 
(McCachrra, Anhritis Rheum. 34:1085-1093, 1991; K^szer et aL, J: Rheumatol. 26:251-258, 
1991; Keysze, et aL, Z Rheumatology 57:392-398, 1998; Matsuyama, Pedum-. InL 41:239-245, 
1999). 

30 The examples and embodim^ts of the presoit invention, interpreted in view of previous 

demonstrations by tiie present inventors and others that CyPA is chemotactic for neutrophils 
(Sherry et aL, Proc. NaiL Acad Sd USA 89:351 1-3515, 1992; Xu et al., J. BioL Chem. 
267:1196841971, 1992; Ldva&Lytae,ftocAem.Ao;;/r)«./Jes. Commun. 186:1178-1183, 
1992), and ttiat CyPA is markedly up-regulated in tiie joints of patirats with active RA disease 

35 and correlates with RA disease sev»ity (Billich et al., J. Exp. Med. 185:975-980, 1997), shows 
tiiat CyP mediates some of tiie pathology associated with tfaeumatoid arthritis via binding to, and 
signaling through EMMPRIN that is expressed on neutrophils and fibroblasts present in the RA 
joint 
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Blocking this interaction will siq)press tbe infiltration of neutrophils into the inflamed 
joint, and decrease flie amount of pioMMP-1 and proMMP-3 released into the synovium, 
fh^eby decreasing disease-associated pa&ology, and ultimately providing benefit to the patient 

HIV-1 Infection and Acquired Immune Deficiency Syndrome (AIDS). Tbe examples 
5 and embodiments of the present invention also provide EMMPRIN as an additional and novel 
molecular participant, and thus a novel th^apeutic int^CTtion target in the complex 
interactions between viral and cellular proteins during HIV-1 infection. Specifically, the anti- 
CD147 (Le.y anti- EMMPRIN) mAb (UM-8D6) blocked a st^ in HIV-1 replication following 
virus-cell fiision but preceding formation of the fimctional pre-integration complex (PIC) that 
10 supports rev^e transcription. 

Without being limited to a particular theory, the most likely mechanism consist^t with 
tiie present invention is fliat EMMPRIN facilitates virus uncoating and translocation into the 
subcellular compartment (le., cytoskeleton) v/h&cG reverse transcription can take place. 
Significantly, anti-CD147 (UM-8D6) did not inhibit rq)lication of a CsA-resistant HIV-1 mutant 
15 (A224E, carrying a CA protem mutation) that displays CyPA-indq)mdent infection, fiirther 
proving that the antibody intofefes witibt a CyPA-d^oident step in virus infection. 

Thus, tiie HTV virus commandeers flie whole CyP A/EMMPRIN interaction pathway for 
its purposes. 

Cancer and Connective Tissue Diseases, The present invmtion also provides a method 
20 of treatment for cancer and many connective tissue diseases. Such a utility is supported by (1) 
file fiict that EMMPRIN-e5q)ressing tumor cells have been shown to up-regulate the expression 
of MMPs in fibroblasts co-cultured th^ewith (Biswas et al.. Cancer Res. 55:434-439, 1995), (2) 
CyP activated and/or enhanced MMP production in human fibroblasts, as disclosed herein, and 
(3) the deregulated action of MMPs contributes to fiie pathological destruction of die 
25 extracellular matrix in many connective tissue diseases including, e.^ ., arthritis, periodontitis, 
tissue ulcmdon, and in cancer cell invasion and metasta^ (Kahariet aL, Exp'. Dermatol 6:199- 
213, 1997; Keyszer et aL, ^. Rheumatol 26:251-258, 1999; Benbow et aL, J. Biol Chem. 
274:25371-25378, 1999; Keyszer et aL, Z Rheumatology 57:392-398, 1998). 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANTS: Sherry, Barbara A 

Bukrinsky, Michael 

(ii) TITLE OP INVENTION: Treatment of HIV- Infect ion 
and Inflammatory Disease using Cyclophilin Receptor Antagonists 



(iii) 
(iv) 



Fourth Avenue 



(V) 



(vi) 



(vii) 
(viii) 



(ix) 



NUMBER OF SEQUENCES: 11 
CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Jeffrey 6. Oster 

(B) STREET: 2600 Century Square, 



1501 



(C) CITY: Seattle 

(D) STATE: WA 

(E) COUNTRY: USA 

(F) ZIP: 98101-1688 
COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette 

(B) COMPUTER: 

(C) OPERATING SYSTEM: 

(D) SOFTWARE: 
CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 
PRIOR APPLICATION DATA: None 
ATTORNEY/AGENT INFORMATION: 

(A) NAME: Jeffrey B. Oster 

(B) REGISTRATION NUMBER: 32,585 

(C) REFERENCE/DOCKET NUMBER: 0502 
TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (206) 628-7711 

(B) TELEFAX: (206) 628-7699 



to be assigned 



(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1490 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA to mRNA 

(iii) HYPOTHETICAL: no 

(iv) ANTI-SENSE: no 

(vi) ORIGINAL SOURCE: human 

(A) ORGANISM: Homo sapiens 
(ix) FEATURE: 
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(A) NAME/KEY: CDS 

(B) LOCATION: nucleotides 46-855 

(A) NAME/ KEY: sig. peptide 

(B) LOCATION: nucleotides 46-108 

5 (A) NAME/KEY: extracellular domain 

(B) LOCATION: nucleotides 109-660 

(A) NT^/KEY: transmembrane domain 

(B) LOCATION: nucleotides 661-732 
(A) NAME/KEY: cytoplasmic domain 

10 (B) LOCATION: nucleotides 733-852 

(x) PUBLICATION INFORMATION: 

(A) AUTHORS: DeCastro et al, 

(B) TITLE: Human keratinocytes express 
EMMPRIN, an extracellular matrix metal loproteinase inducer 

15 (C) JOURNAL: J. Invest- Dermatol. 

(D) VOLUME: 106 

(E) ISSUE: 6 

(F) PAGES: 1260-1265 

(G) DATE: 1996 

20 (K) RBLBVaNT RESIDUES IN SEQ ID N0:1: FROM 46 

TO 852 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

CGGCGGTTGG AG6TTGTACG CGGATTCCGG CGAGGAATAG GAATC ATG GCG 51 
25 Met Ala 

1 

GCT GCG CTG TTC GTG CTG CTG GGA TTC GCG CTG CTG GGC ACC CAC 96 
Ala Ala Leu Phe Val Leu Leu Gly Phe Ala Leu Leu Gly Thr His 
30 . 5 10 15 

GGA GGC TCC GGG GCT GCT GGC ACA GTC TTC ACT ACC GTA GAA GAC 141 
Gly Ala Ser Gly Ala Ala Gly Thr Val Phe Thr Thr Val Glu Asp 
20 25 30 

35 

CTT GGC TCC AAG ATA CTC CTC ACC TGC TCC TTG AAT GAC AGC GCC 186 
Leu Gly Ser Lys lie Leu Leu Thr Cys Ser Leu Asn Asp Ser Ala 
35 40 45 

40 ACA GAG GTC ACA GGG CAC CGC TGG CTG AAG GGG GGC GTG GTG CTG 231 
Thr Glu Val Thr Gly His Arg Trp Leu Lys Gly Gly Val Val Leu 
50 55 60 

AAG GAG GAC GCG CTG CCC GGC CAG AAA ACG GAG TTC AAG GTG GAC 276 
45 Lys Glu Asp Ala Leu Pro Gly Gin Lys Thr Glu Phe Lys Val Asp 
65 70 75 
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TCC GAC GAC CAG TGG GGA GAG TAC TCC TGC GTC TTC CTC CCC GAG 321 
Ser Asp Asp Gin Trp Gly Glu Tyr Ser Cys Val Phe Leu Pro Glu 
80 ^ 85 90 

5 CCC ATO GGC ACG GCC AAC ATC CAG CTC CAC GGG CCT CCC AGA GTG 366 
Pro Met Gly Thr Ala Asn lie Gin Leu His Gly Pro Pro Arg Val 
95 100 105 

AA6 GCC GTG AAG TCG TCA GAA CAC ATC AAC GAG GGG GAG ACG GCC 411 
10 Lys Ala Val Lys Ser Ser Glu His lie T^n Glu Gly Glu Thr Ala 
110 115 120 

ATG CTG GTC TGC AAG TCA GAG TCC GTG CCA CCT GTC ACT GAC TGG 456 
Met Leu Val Cys Lys Ser Glu Ser Val Pro Pro Val Thr Asp Trp 
15 125 130 135 

GCC TGG TAC AAG ATC ACT GAC TCT GAG GAC AAG GCC CTC ATG AAC 501 
Ala Trp Tyr Lys lie Thr Asp Ser Glu Asp Lys Ala Leu Met Asn 
140 145 150 

20 

GGC TCC GAG AGC AGG TTC TTC GTG AGT TCC TCG CAG GGC CGG TCA 546 
Gly Ser Glu Ser Arg Phe Phe Val Ser Ser Ser Gin Gly Arg Ser 
155 160 165 

25 GAG CTA CAC ATT GAG AAC CTG AAC ATG GAG GCC GAT CCC GGC CAG 591 
Glu Leu His lie Glu Asn Leu Asn Met Glu Ala Asp Pro Gly Gin 
170 175 180 

TAC CGG TGC AAC GGC ACC AGC TCC AAG GGC TCC GAC CAG GCC ATC 636 
30 Tyr Arg Cys Asn Gly Thr Ser Ser Lys Gly Ser Asp Gin Ala lie 
185 190 195 

ATC ACG CTC CGC GTG CGC AGC CAC CTG GCC GCC CTC TGG CCC TTC 681 
lie Thr Leu Arg Val Arg Ser His Leu Ala Ala Leu Trp Pro Phe 
35 200 205 210 

CTG GGC ATC GTG GCT GAG GTG CTG GTG CTG GTC ACC ATC ATC TTC 726 
Leu Gly He Val Ala Glu Val Leu Val Leu Val Thr He He Phe 
215 220 225 

40 

ATC TAC GAG AAG CGC CGG AAG CCC GAG GAC GTC CTG GAT GAT GAC 771 
lie Tyr Glu Lys Arg Arg Lys Pro Glu Asp Val Leu Asp Asp Asp 
230 235 240 

45 GAC GCC GGC TCT GGA CCC CTG AAG AGC AGC GGG CAG CAC CAG AAT 816 
Asp Ala Gly Ser Ala Pro Leu Lys Ser Ser Gly Gin His Gin Asn 
245 250 255 
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GAC AAA GGC AAG AAC GTC CGC CAG AGO AAC TCT TCC TGAGGCAGGT 862 
Asp Lys Gly Lys Asn Val Arg Gin Arg Asn Ser Ser 
260 265 

5 

GGCCCGAGGA CGCTCCCTGC TCCGCGTCT6 CGCCGCCGCC GGAGTCCACT 912 

CCCAGTGCTT GCAAGATTCC AAGTTCTCAC CTCTTAAAGA AAACCCACCC 962 

10 CX3TAGATTCC CATCATACAC TTCCTTCTTT TTTAAAAAAG TTGGGTTTTC 1012 

TCCATTCAGG ATTCTGTTCC TTAGGATTTT TTCCTTCTGA AGTGTTTCAC 1062 

GAGAGCCCGG GAGCTGCTGC CCTGCGGCCC CGTCTGTGGC TTTCAGCCTC 1112 

15 

TGGGTCTGAG TCATGGCCGG GTGGGCGGCA CAGCCTTCTC CACTGGCCGG 1162 

7VGTCAGTGCC AGGTCCTTGC CCTTTGTGGA AA6TCACAGG TCACACGAGG 1212 

20 GGCCXICGTGT CCTGCCTGTC TGAAGCCAAT GCTGTCTGGT TGCGCCATTT 1262 

TTGTGCTTTT ATGTTTAATT TTATGAGGGC CACGGGTCTG TGTTCGACTC 1312 

AGCCTCAGGG ACGACTCTGA CCTCTTGGCC ACAGAGGACT CAACTTGCCC 1362 

25 

ACACCGAGGG CGACCCCGTC ACAGCCTCAA GTCACTCCCA AGCCCCCTCC 1412 

TTGTCTGTGC ATCCGGGGGC AGCTCTGGAG GGGGTTTGCT GGGGAACTGG 1462 

30 CGCCATCX3CC GGGACTCCAG AACCGCCG 1490 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SBQTJENCE CHARACTERISTICS: 
35 (A) LENGTH: 269 

(B) TYPE: amino acid 

(C) STRANDBDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: polypeptide 
40 (iii) HYPOTHETICAL: no 

(iv) ANTI -SENSE: no 

(vi) ORIGINAL SOURCE: human 

(A) ORGANISM: Homo sapiens 
(ix) FEATURE: 

45 (A) NAME/KEY: Protein 

(B) LOCATION: residues 1-269 
(A) NAME/KEY: sig. peptide 
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(B) LOCATION: residues 1-21 

(A) NAME/KEY: extracellular domain 

(B) lXx:!ATION: residues 22-205 

(A) NAME/KEY: transmembrane domain 
5 (B) LOCATION: residues 206-229 

(A) NAME/KEY: cytoplasmic domain 

(B) LOCATION: residues 230-269 

(x) PUBLICATION INFORMATION: 

(A) AUTHORS: DeCastro et al. 
10 (B) TITLE: Human keratinocytes express 

EMMPRIN, an extracellular matrix metal loproteinase inducer 

(C) JOURNAL: J. Invest. Dermatol. 

(D) VOLUME: 106 

(E) ISSUE: 6 

15 (F) PAGES: 1260-1265 

(G) DATE: 1996 

(K) JiELBVANT RESIDUES IN SEQ ID NO: 2: FROM 1 

TO 269 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:2: 



20 



Met Ala Ala Ala Leu Phe Val Leu Leu Gly Phe Ala Leu Leu Gly Thr 

5 10 15 



His Gly Ala Ser Gly Ala Ala Gly Thr Val Phe Thr Thr Val Glu Asp 
25 20 25 30 

Leu Gly Ser Lys lie Leu Leu Thr Cys Ser Leu Asn Asp Ser Ala Thr 
35 40 45 

30 Glu Val Thr Gly His Arg Trp Leu Lys Gly Gly Val Val Leu Lys Glu 
50 55 60 

Asp Ala Leu Pro Gly Gin Lys Thr Glu Phe Lys Val Asp Ser Asp Asp 
65 70. 75 80 



35 



Gin Trp Gly Glu Tyr Ser Cys Val Phe Leu Pro Glu Pro Met Gly Thr 

85 90 95 



Ala Asn He Gin Leu His Gly Pro Pro Arg Val Lys Ala Val Lys Ser 
40 100 105 110 

Ser Glu His He Asn Glu Gly Glu Thr Ala Met Leu Val Cys Lys Ser 
115 120 125 

45 Glu Ser Val Pro Pro Val Thr Asp Trp Ala Trp Tyr Lys He Thr Asp 
130 135 140 
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Ser Glu Asp Lys Ala Leu Met Asn Gly Ser Glu Ser Arg Phe Phe Val 
145 150 155 160 

Ser Ser Ser Gin Gly Arg Ser Glu Leu His lie Glu Asn Leu hsn Met 
5 165 170 175 

Glu Ala Asp Pro Gly Gin Tyr Arg Cys Asn Gly Thr Ser Ser Lys Gly 
180 185 190 

10 Ser Asp Gin Ala lie lie Thr Leu Arg Val Arg Ser His Leu Ala Ala 
195 200 205 

Leu Trp Pro Phe Leu Gly lie Val Ala Glu Val Leu Val Leu Val Thr 
210 215 220 



15 



lie lie Phe lie Tyr Glu Lys Arg Arg Lys Pro Glu Asp Val Leu Asp 
225 230 235 240 



Asp Asp Asp Ala Gly Ser Ala Pro Leu Lys Ser Ser Gly Gin His Gin 
20 235 250 255 

Asn Asp Lys Gly Lys Asn Val Arg Gin Arg Asn Ser Ser 
260 265 

25 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQXJENCE CHARACTERISTICS: 

(A) LENGTH: 8 

(B) TYPE: amino acid 

30 (C) STRANDEDNBSS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: polypeptide 

(iii) HYPOTHETICAL: no 

(iv) ANTI-SENSE: no 

35 (vi) ORIGINAL SOURCE: human 

(A) ORGANISM: Homo sapiens 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Leu Ala Ala Leu Trp Pro Phe Leu 
40 5 



(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 
45 (A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 
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(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: polypeptide 

(iii) HYPOTHETICAL: no 

(iv) ANTI- SENSE: no 

(vi) ORIGINAL SOURCE: human 

(A) ORGANISM: Homo sapiens 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4; 



Gly lie Val Ala Glu Val Leu Val Leu 
10 5 



(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 
15 (A) LENGTH: 8 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: polypeptide 
20 (iii) HYPOTHETICAL: no 

(iv) ANTI -SENSE: no 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Phe Ala Trp Pro Leu Leu Leu Ala 
25 5 



(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

30 (A) LENGTH: 21 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA oligonucleotide 
35 (iii) HYPOTHETICAL: no 

(iv) ANTI -SENSE: no 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: HIV-1 

(ix) FEATURE: 

40 (A) NAME/KEY: HIV-1 LTR sequence 

(D) OTHER INFORMATION: R/U5 sense primer 

(x) PUBLICATION INFORMATION: 

(A) AUTHORS: Schmidtmayerova et al. 

(B) TITLE: Human immunodeficiency virus type 
45 1 T-lyinphotropic strains enter macrophages via a CD4- and CXCR4- 

mediated pathway: replication is restricted at a postentry level 

(C) JOURNAL: J. Virol. 
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(D) VOLUME: 72 

(E) PAGES: 4633-4642 
(P) EJATE: 1998 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

GGCTAACTAG GGAACCCACT G 21 



(2) INFORMATION FOR SEQ ID NO: 7: 

10 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

15 (ii) MOLECULE TYPE: DNA oligonucleotide 

(iii) HYPOTHETICAL: no 

(iv) ANTI -SENSE: yes 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: HIV-1 
20 ( ix) FEATURE : 

(A) NAME/KEY: HIV-1 LTR sequence 

(D) OTHER INFORMATION: R/U5 antisense primer 

(x) PUBLICATION INFORMATION: 

(A) AUTHORS: Schmidt mayerova et al. 
25 (B) TITLE: Human immunodeficiency virus type 

1 T-lymphotropic strains enter macrophages via a CD4- and CXCR4- 
mediated pathway: replication is restricted at a postentry level 

(C) JOURNAL: J. Virol. 

(D) VOLXJME: 72 

30 (B) PAGES: 4633-4642 

(F) DATE: 1998 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

CTGCTAGAGA TTTTCCACAC TGAC 24 

35 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 nucleotides 
40 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) T0P0LCX3Y: linear 

(ii) MOLECULE TYPE: DNA oligonucleotide 

(iii) HYPOTHETICAL: no 
45 (iv) ANTI-SENSE: 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: HIV-l 
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(ix) FEATURE: 

(A) NAME/KEY: HIV-1 LTR sequence 

(D) OTHER INFORMATION: R/U5 sequence probe 

(x) PUBLICATION INFORMATION: 

5 (A) AUTHORS: Schmidtmayerova et al. 

(B) TITLE: Human inmrunodef iciency virus type 
1 T-lymphotropic strains enter macrophages via a CD4- and CXCR4- 
mediated pathway: replication is restricted at a postentry level 

(C) JOURNAL: i7. Virol. 
10 (D) VOLUME: 72 

(E) PAGES: 4633-4642 

(F) DATE: 1998 

(xi) SEQVENCB DESCRIPTION: SEQ ID NO: 8: 

15 TGTGTGCCCG TCTGTTGTGT G 21 



(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

20 (A) LENGTH: 21 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA oligonucleotide 
25 (iii) HYPOTHETICAL: no 

(iv) ANTI-SENSE: no 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: HIV-1 

(ix) FEATURE: 

30 (A) NAME/KEY: HIV-1 LTR sequence 

(D) OTHER INFORMATION: LTR/gag sense primer 

(x) PUBLICATION INFORMATION: 

(A) AUTHORS: Schmidtmayerova et al* 

(B) TITLE: Hiiman immunodeficiency virus type 
35 1 T-lymphotropic strains enter macrophages via a CD4- and CXCR4- 

mediated pathway: replication is restricted at a postentry level 

(C) JOURNAL: J. Virol. 

(D) VOLUME: 72 

(E) PAGES: 4633-4642 
40 (F) DATE: 1998 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

CAGATATCCA CTGACCTTTG G 21 

45 



(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 22 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

5 (ii) MOLECULE TYPE: DNA oligonucleotide 

(iii) HYPOTHETICAL: no 

(iv) ANTI -SENSE: yes 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: HIV-1 
10 (ix) FEATURE: 

(A) NAME/KEY: HIV-1 LTR sequence 

(D) OTHER INFORMATION: LTR/gag antisense 

primer 

(x) PUBLICATION INFORMATION: 

15 (A) AUTHORS: Schmidtmayerova et al. 

(B) TITLE: Human immunodeficiency virus type 
1 T-lymphotropic strains enter macrophages via a CD4- and CXCR4- 
mediated pathway: replication is restricted at a postentry level 

(C) JOURNAL: J. Virol. 
20 (D) VOLUME: 72 

(E) PAGES: 4633-4642 

(F) DATE: 1998 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

25 GCTTAATACT GACGCTCTCG CA 22 



(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

30 (A) LENGTH: 20 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA oligonucleotide 
35 (iii) HYPOTHETICAL: no 

(iv) ANTI -SENSE: 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: HIV-1 

(ix) FEATURE:' 

40 (A) NAME/KEY: HIV-1 LTR sequence 

(D) OTHER INFORMATION: LTR/gag sequence probe 

(x) PUBLICATION INFORMATION: ' 

(A) AUTHORS: Schmidtmayerova et al. 

(B) TITLE: Human immunodeficiency virus type 
45 1 T-lynqphotropic strains enter macrophages via a CD4- and CXCR4- 

mediated pathway: replication is restricted at a postentry level 

(C) JOURNAL: jr. Virol. 
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(D) VOLUME: 72 
(B) PAGES: 4633-4642- 
(F) dATE: 1998 
(xl) SBQXJENCE DESCRIPTION: SBQ ID NO: 11: 

GAGGCTTAA6 CAGTQGGTTC 20 
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We claim: 

1. A method for treating or preventing inflammatory disease, autoimmune disease, 
tissue ulceration, tumor growth or metastasis or any condition characterized by local or systemic 
CyP release, synthesis or binding in a patient needing treatment, comprising administering to the 

5 patient a IfaerqiettticaDy effective amount of a CyP/EMMPRIN antagonist or agonist, wherein 
the CyP/EMMPRIN antagonist or agonist is selected fiom tiie group consisting of an anti- 
EMMPRIN antibody, a soluble EMMPRIN protein or polypeptide, a CyP protein or polypq}tide 
and combinations fliereof 

2. The method according to claiml who^ the inflammatory or autoimmune 
10 disease is arthritis, EAE, ARDS or peridontitis. 

3. The method according to claim 1 \^&rein the C^P/EMMPRIN antagonist or 
agonist is an anti-EMMPRIN antibody. 

4. The method according to claim 3 \sdiCTein the anti-EMMPRESf antibody binds to 
the extracellular domain or the transmembrane domain of EMMPRIN. 

15 5. The method according to claim 4 wherein the anti-EMMPRIN antibody binds to 

an epitope lhat is recognized by the UM>8D6 anti-CD147 monoclonal antibody. 

6. The metiiodapcoiding to claim 1 wfa^nein the CyP/EMMPRIN antagonist or 
agonist is an EMMPRN polypq>tide comprising an amino acid sequence of about 5 to 14 amino 
acids taken fiom a sequence extending finom about residue 206 to about residue 229 of [SEQ ID 

20 N0:2] corresponding to the EMMPRIN transmembrane domain. 

7. A method for treating or prevmting inflammatory disease^ autoimmune disease, 
tissue ulco^on, tumor growth or metastasis or any condition characterized by local or systemic 
CyP release, synthesis or binding in a patirat needing treatment, comprising admmistering to the 
patient a fherapeutically effective amount of a compound of forutnla I wherein formula I is 



25 



I RrR2-R3-R4-R5-R<rPro-R7-R«-R9 



Mdierein: R,- is His-, SeiBQs-, AigSoifis-, Lys-, LysLys-, Aig- or nothing, R2, R3 and R4 are 
indepCTdeutly Leu, He, Ala, Met or notiung; R5 and Rg are indq)mdently Leu, He, Ala or Met; 
30 Rc and R7 are independently Phe, Trp or Tyr, and -R9 is -Gly, -Glylle, -GlylleVal or nothing. 

8. Tlie method according to claim 7 whoein, for formula I: R,- is His-, SerHis-, 
ArgSerHis-, Lys-, LysLys-, Arg- or notiiing; is Leu; R3 is Ala; R4 is Ala; R5 is Leu; R^ is Trp; 
R7 is Phe; R, is Leu; and -R<> is nothing. 

9. The method according to claim 8 y/hemxx^ formula I: R,- is notiiing; Rj is Leu; R3 
35 is Ala; R4 is Ala; R5 is Leu; R« is Trp; R7 is Phe; R^ is Leu; and -R9 is nothing. 

10. A m^od for decreasing the suscqitibility of a cell to retroviral infection, 
wherein the cell expresses a functional EMMPRIN receptor, and i^erdn a retrovirus uses tiie 
EMMPRIN receptor in a pre-integration step of viral infection, comprising contacting the cell- 
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with an amount of a CyPA/EMMPRIN antagonist or agonist suflBcient to inhibit the pre- 
integration step of retroviral infection, and wherein the CyPA/EMMPRIN antagonist or agonist 
is selected fix)m the group consisting of an anti-EMMPRIN antibody, a soluble EMMPRIN 
protein or polypeptide, a CyP A protein or polypeptide and combinations thereof. 
S 11. The method according to claim 10 whoein the CyPA/EMMPRIN antagonist or 

agonist is an anti-EMMPRIN antibody. 

12. The method according to claim 1 1 wherein the anti-EMMPRIN antibody binds to 
ttie extracellular domain or the transmembrane domain of EMMPRIN. 

13. The mediod according to claim 12 wherem the anti-EMMPRIN antibody binds to 
10 an epitope recognized by the UM-8D6 anti-CD147 monoclonal antibody. 

14. The method according to claim 10 wherein the CyP/EMMPRIN antagonist or 
agonist is an EMMPRN polypq)tide comprising an amino acid sequence of about 5 to 14 amino 
acids taken firom a sequence extending fiom about residue 206 to about residue 229 of [SEQ ID 
N0:2] corresponding to the EMMPRIN transmembrane domain. 

15 IS. A mettxod for decreasing the susc^tibility of a cell to retroviral iiifectioii, 

wherein the cell egresses a functional J^AMPRIN recqitor, and wherein a retrovirus uses the 
EMMPRIN receptor in a pre-integration step of viral infection, comprising contacting the cell 
with an amount of a compound of formula I sufficiCTt to inhibit the pre-integration stsp of 
retroviral infection^ wfaerdn formula I is 

20 

I R|-R2-R3-R4-R5-R^Pro-R7-Rg-R9 

wherein: R,- is His-, SerHis-, ArgSerHis-, Lys-, LysLys-, Arg- or nothing; Rj, R3 and R^ are 
independently Leu, lie, Ala, Met or nothing; R5 and Rg are independently Leu, lie, Ala or Met; 
25 Rfi and R7 are independently Ph^ Trp or Tyr, and -R, is -Gly, -Glylle, -GlyDeVal or nothing. 

16. The method accoidiiig to claim IS i^oiein, for formula I: R,- is His-, S^His-, 
ArgSedfis-, Lys-, LysLys-, Aig- or nothing R^ is L^ R3 is Ala; R4 is Ala; R, is Leu; R^ is Trp; 
R7 is Ph^ Rfi is Leu; and -R9 is nothing. 

17. Hie mettiod according to claim 16 for formula I: R,- is nothing; R2 is 
30 Loi; R3 is Ala; R^ is Ala; R5 is. Leu; R^ is Tip; R7 is Phe; R« is Leu; and -R^ is nothing. 

18. A method for treating or preventing HIV infection, AIDS or AIDS-related 
disorders in a patient in need hereof conq)rising administering to the patient a therapeutically 
effective amount of a CyPA/EMMPRIN antagonist or agonist, wherein the CyPA/EMMPRIN 
antagonist or agonist is selected from the group consisting of an anti-EMMPRIN antibody, a 

35 soluble EMMPRIN protein or polypq>tide, a CyPA protein or polypq)tide and combinations 
thereof. 

19. The meOiod according to clakn 1 8 wherein the CyPA/EMMPRIN antagonist or 
agonist is an anti-EMMPRIN antibody. 
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20. The method according to claim 1 9 1^^:^ the anti-BMMPRIN antibody binds to 
the extraceUular domain or tiie tran^^brane domain of EMMPRIN. 

21. The method according to claim 20 wherein the anti-EMMPRIN antibody binds to 
an epitope recognized by the UM-8D6 anti-CD147 monoclonal antibody. 

5 22. The method according to claim 1 8 wherein the CyP/EMMPRIN antagonist or 

agonist is an EMMPRN polypeptide comprising an amino acid sequence of about 5 to M amino 
acids taken firom a sequraice extending firom about residue 206 to about residue 229 of [SEQ ID 
N0:2] corresponding to the EMDMPRIN transmembrane domain. 

23. A mediod for treating or preventing HIV infection, AIDS or AIDS-related 

10 disord^ in a pati^at in need thereof conqnising administering to the patient a ttierspeutically 
effective amount of a conqx>und of formula I, v/bsrem formula I is 

I Rj-R2-R3-R4-R5*R5-Pro-R7-R^-R9 

15 wherein: R,- is His-, SerHis-, ArgSerHis-, Lys-, L^Lys-, Arg- or nothing; R3 and are 
independmtly Leu, Be, Ala, Met or nothing; R5 and are indq)endently Leu, He, Ala or Met; 
R« and R7 are independently Phe, Trp or Tyr, and -R9 is -Gly, -Glylle, -GlylleVal or nothing. 

24. The method according to claim 23 wherein, for formula L R|- is His-, SerHis-, 
ArgSerHis-, Lys-, LysLys-, Arg- or nothing; Rj is Leu; R3 is Ala; R4 is Ala; R5 is Leu; R^ is Trp; 

20 R7 is Phe; R, is Leu; and -R9 is nothing. 

25. The method according to claim 24 wherein, for formula 1: R,- is nothing; Rj is 
Leu; R3 is Ala; R^ is Ala; R5 is Leu; R^ is Trp; R7 is Phe; R^ is Leu; and -R9 is nothing. 

26. The method of claims 3, 11 or 19 wherein the antibody is a monclonal antibody. 

27. The method of claim 26 wherein the monoclonal antibody is a single-chain 
25 antibody, chimeric antibody, humanized antibody, or Fab fragment 

28. A method for idmtifying test compounds having therapeutic activity for HIV 
infection, AIDS or AIDS^dated disorders, inflammatory disease, autoimmune disease^ tissue 
ulceration, tumor growth or m^astasis or any condition characterized by local or systemic CyP 
release, synthesis or binding in a patient needing treatment, coinprising: 

30 (a) contacting a test conq>ound with a functional CyP protdn and a functional 

BMMPRIN protein i^erdn at least one of the proteins bears a detectable label; 

(b) assaying any resulting EMMPRIN/CyP complex for the preseuce of the label; and 

(c) determining whedier flie test compound inhibited binding of the CyP protein to the 
EMMPRIN protein, wherd>y test compounds that inhibit binding of the CyP protein to flie 

35 EMMPRIN protein are identified as therapeutic compounds. 

29. The method according to claim 28 wherein either the functional EMMPRIN 
protein or the fimctional CyP protein is immobilized onto a solid phase. 
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30. The mettiod according to claim 28 wherein the CyP protein or tiie EMMPRIN 
protein is labeled with a radiolabel, a fluorescent rqport^ or quencher moiety, an enzymic label 
that catalyzes a colorometric or fluorometric change or combinations thereof. 

3 1 . The method according to claim 28 wh^in the inflammatory or autoimmune 
5 disease is arthritis, EAE, ARDS or peridontitis. 

32. A method for identifying test compounds having therapeutic activity for HIV 
infection, AIDS or AIDS-zelated disorders, inflammatory disease, autoimmune disease, tumor 
growth or metastasis or any condition diaiacterized by local or systemic CyP release, synthesis 
or binding in a patient needing treatment, comprising: 

10 (a) contacting a test compound, in the presence of a fimctional CyP protein, with a cell 

e2q)ressing a fimctional EMMPRIN protdbo; and 

(b) determining \^edier die test compound inhibits binding of the CyP protein to the 

EMMPRIN protein, wfaerd^y test compounds that inhibit binding of the CyP protein to the 

EAfMPRIN protein are idmtified as th0::^eutic compounds. 
15 33 . The method according to claim 32 wherein the inflanmiatory or autoimmune 

disease is arthritis, EAE, ARDS or peridontitis. 

34. The method of claim 32 herein die cell expresses recombinant EMMPRIN, 
CD4, CXCR4 or combinations thereof 

35. The method of claim 32 wherein determination of the inhibition of binding of the 
20 CyP protdn to the EMMPRIN protein is based on an assay selected &om the group consisting of 

CyP/EMMPRIN antagonist assays, receptor s^itization or desensitization assays, receptor up- 
or down-regulation assays, EMMPRIN-mediated signal transduction assays, Ca^ mobilization 
assays, matrix metalloproteinase expression or activity assays, cell growth rate assays, HIV-1 
infection assays, and assays based on detection of a specific marker of cell cycle or cell 
25 differentiatiorL 

36. The method of claim 35 \dierein the l^lMPRIN-mediated signal transduction 
asssQTs are based on detennining the phosphorylation or activation status of an intracellular 
protein, i^ierdn flie intracellular protein is selected fircin flie group consisting cf Ras, PKA, 
RAPl, B-Ra^ Mdc, and MAPK, whereby test compounds that alter the phosphorylation or 

30 activation status of said proteins, relative to their phosphorylation or activation status in control 
cells, are identified as ttier^)^itic compounds. 

37. The method of claim 35 whereui the specific mark^ of cell cycle or cell 
diflferraitiation is selected ftom the group consisting of cell-cycle regulatory proteins cyclin D 1 , 
cyclin E and p21/Wafl, wherry test compounds that alter said cell-cycle markers, relative their 

35 status in control cells, are identified as therapeutic corr^unds. 

38. The mediod of claim 35 wherein die matrix metalloproteinase expression assays 
measure die expression or activity of proMMP-l, proMMP-3, pToMMP-9, MMP-1, MMP-3 or 
MMP-9. 
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39. The method of claim 35 wh^ein the HIV-1 infection assays measure viral reverse 
transcriptase activity or virus-directed luciferase expression. 

40. A pharmaceutical composition comprising a compound of formula I or a 
phannaceutically-accq)table salt thereof and a pharmaceutically-accq>table cairi^, wherein 
formula I is 

I Rj-R2-R3"R4"R5-R^Pro-R7-Rg-R9 

whorein: R,- is His-, SorHis-, ArgSerHis-, Lys-, LysLys-, Arg- or nothing; Rj, R3 and R4 are 
independently Leu, lie, Ala, Met or nothing; R5 and R« are independently Leu, Be, Ala or Met; 
R« and R7 are indepaidently Phe, Trp or Tyr; and -R^ is -Gly, -Glylle, -GlylleVal or nothing. 

41 . The pharmaceutical composition of claim 40 wherein for formula I: R,- is His-, 
SerHis-, ArgS^His-, Lys-, LysLys-, Arg- or nothing; Rj is Leu; R3 is Ala; R4 is Ala; R5 is Leu; 

is Trp; R7 is Phe; R^ is Leu; and -R^ is nothing. 

42. The pharmacratical con^sition of claim 41 wh^in for formula I: Rp is 
nothing; R2 is Leu; R3 is Ala; R4 is Ala; R^ is Lai; R^ is Trp; R7 is Phe; R^ is Leu; and -R, is 
nothing. 
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